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LAN up-to-date example of current 
instrument practice, developed to meet 
the demand for an instrument of labora- 
tory sensitivity built in a robust and 
portable form, for use in conjunction 
with electronic and other apparatus where 
it is imperative that the instrument should 
present a negligible loading factor upon 
the circuit under test 


Phe instrument consists basically 
balanced bridge voltmeter It incor- 
porates many unique features and a wide 
set of ranges so that in operation it is as 
simple to use as a normal multi-range 
testmeter 


The thermionic circuit gives delicate 
galvanometer sensitivity to a robust 
moving coil movement. The instrument 
is quickly set up for any of the tests to be 
undertaken, a single range selector 
switch automatically removing from the 
circuit any voltages and controls which 
are not required for the test in question. 
D.C. Volts : 2.5 mV to 10,000V (Max. Input Resistance 110 M£2) The Inst . 4 C 
D.C. Current: 0.25 4A to | amp. (250 mV. drop on all ranges) he ins PT MOCaGE aE 2 A.C. maine 
A.C. Volts: C.IV. to 2,500V. 4.14.8. up to 2 Mes With dioce supply, (00-150 and 200- 
probe external. 0.1V. to 23.V R.M.S. usable to 200 Micys. ie ROUEN 
A.C. Output Power: SmW. to 5 watts in 6 different load resist- 
ances from 5 to 5,000 ohms 
Decibels : —I0db. to + 20db. Zero level SOmW. 


Capacitance : .000! y:F to SOuF. ‘ e , d? eck 
Resistance : 0.2 ohm to |OMQ it P 4 Dreciseon 


Insulation : 0.1 MQ to 1,000 MQ. i V4 

STi, fy Q) 

4 SES 7 eens 
Fully descriptive leaflet available on application:—- Hosting coaiai Uy —_ 
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Room 
for a little ‘un 


how do you squeeze 


a switch in there? We'll tell you. Use our Type B.T. switch. It has been 


specially designed for small spaces and simple switching. You'll find it a 


godsend. It’s an even better switch too since it has had an overhaul in our 


Development Section. Here are some improvements we have made to it: 


The contact blades are fixed 
in a new way. This makes 
them rigid all the time. 

The drive spindle is positioned 
definitely in the wafer. This 
provides double bearing. 
Steady contact resistance. 


Improved insulation between 
contacts. 
Positive contact. 
Self-cleaning action. 

All these help to make 
the Type B.T. an efficient 


and lasting switch. Why 
not try it? 


GARTH ROAD, LOWER MORDEN, SURREY. Telephone: DERWENT 4421-2-3 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is: Three lines or under 7/6, each additional line 2/6. 
(The line averages seven Ran Box number 2/- extra, except in the case of advertisements in ‘‘Situations Wanted,’’ when it is added 


free of charge. 


At the INCH RATE (if over 1” or 12 lines) the charge is 30/- per inch, single column. 


Prospectuses and Company’s 


Financial Reports £14 0s. 0d. per column. A remittance must accompany the advertisement. Replies to box numbers should be addressed 
to: Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and marked “‘ Electronic Engineering.” Advertisements 
must be received before the 14th of the month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 


THE POLYTECHNIC, 309, Regent Street, W.1, 
Electrical Engineering Department. Applications 
are invited for the full-time post of lecturer and 
demonstrator in Telecommunications and Elec- 
tronics. The appointment will date from rst 
September, 1950. Candidates should be graduates 
with industrial and/or teaching experience. Salary 
in accordance with Burnham (Technical) Scale for 
London, with Degree and training allowances and 
increments for industrial and/or teaching experi- 
ence where applicable, subject to the usual deduc- 
tion for superannuation. Further particulars and 
application form, which should be returned within 
ten days of appearance of this advertisement, may 
be obtained by sending a stamped addressed 
foolscap envelope to the undersigned, J. C. Jones, 
Director of Education. W 2376 


MINISTRY OF SUPPLY invites applications 
from Physicists and Electrical Engineers for 
following unestablished appointments in Scientific 
Officer Class at a Research and Development 
Establishment in the South Midlands. Principal 
Scientific Officers (A.170/50a) : (1) To lead a team 
in electronics research with special reference to 
micro-wave techniques ; (2) To lead a team engaged 
on development of fire control radar equipment. 
Considerable experience of either radar equipment 
servo mechanisms or of general electronics is 
essential. Candidates for these posts should be at 
least 31 years of age, possess an Honours Degree 
or equivalent in physics or electrical engineering 
and show evidence of a good record of individual 
research and development work and of adminis- 
trative ability. Scientific Officers (2 posts) 
(A.171/50a). For research and development work 
on Army radar equipment. Candidates should have 
a good Honours Degree in physics or electrical 
engineering with an interest in electronics or micro- 
wave techniques. Post graduate experience is 
desirable but applications will be considered from 
1950 potential graduates if accompanied by a 
letter of recommendation from Tutor or Professor. 
Salaries according to age, qualifications and 
experience within ranges: Principal Scientific 

fficers—{910-£1,177. Scientific Officers—{380- 
£620. Posts carry F.S.S.U. benefits. Rates for 
women somewhat lower. Application forms 
obtainable from Ministry of Labour and National 
Service, Technical and Scientific Register (K), 
York House, Kingsway, W.C.2, quoting reference 
number. Closing date, 24th July, 1950. W 2398 


THE ADMIRALTY invite applications for a 
limited number of temporary appointments in the 
Senior Experimental Officer and Experimental 
Officer grades for employment for periods not 
exceeding three years at Admiralty Experimental 
Establishments situated in various parts of Great 
Britain. Candidates should be either (1) Mechanical 
Engineers (C.267/50) who have had research and 
development experience in light mechanisms; or 
2) Electrical Engineers (D.152/50) or Physicists 
A.146/50) with research and development experi- 
ence in light electrical mechanisms, electronics or 
acoustics. They should possess one of the under- 
mentioned qualifications : (a) a University Degree 
in Science, Engineering or Mathematics; (b) 
Graduate Membership of an appropriate profes- 
sional institution ; (c) Higher National Certificate ; 
(d) the Final Certificate of a five-year grouped 
course in a relevant subject at the City and Guilds 
of London Institute, or any comparable Institution. 
(e) Higher School Certificate with Mathematics or 
Science as a principal subject, or an equivalent 
qualification. Candidates must be British subjects. 
For Senior Experimental Officer posts, they must be 
at least 35 years of age, and for Experimental 
Officer at least 26. The London salary scales for 
men are: Senior Experimental Officer—{735- 
£935 p.a., and Experimental Officer—{525-£675 
p.a. For service outside London, these rates are 
Castect to the standard provincial differentiation ; 
the salary scales for women are somewhat lower. 
Exceptionally, starting salaries above the respective 
minima may be granted according to qualifications 
and experience. Forms of application may be 


A 


obtained from the Secretary, Ministry of Labour and 
National Service, Technical & Scientific Register, 
York House, Kingsway, London, W.C.2 (K), 
quoting appropriate reference No. Closing date 
20th July, 1950. W 2365 


ADMIRALTY. Draughtsmen 
Electrical and/or Mechanical 
required for service at various experimental 
establishments in the south of England. A know- 
ledge of Electronic engineering will be an advantage 
Appointments will in the first instance be in an 
unestablished capacity, but there will be an early 
opportunity to compete for established appoint- 
ments. Commencing salary will be assessed 
according to age, experience and location of 
employment within the range of £283-£525. 
Candidates must be British subjects and have 
served an engineering apprenticeship or had 
equivalent workshop experience of at least 3 years. 
They should possess the Ordinary National Certi- 
ficate. Hostel accommodation is available at some 
establishments. Applications, stating age and 
details of technical qualifications and apprentice- 
ship (or equivalents) and workshop and drawing 
office experience, should be sent to Admiralty 
(C.E.11, Room 88), Empire Hotel Bath. Original 
testimonials should not be forwarded with applica- 
tion. Candidates required for interview (at London 
or Bath, whichever is nearest), will be advised 
within two weeks of receipt of application. W 2362 


MINISTRY OF SUPPLY invites applications 
from Physicists and Electronic Engineers for 4 
unestablished appointments in the Experimental 
Officer Class at a Research and Development 
Establishment near London, for work in the 
following fields: 1. Electronic Instrumentation 
associated with high speed photographic technique 
and strain gauges. 2. General experimental work 
involving small mechanism and instruments. A 
practical outlook capable of tackling ad-hoo 
problems is desirable. 3. Experience of practical 
spectroscopy and some familiarity with electronic 
techniques. Duties will include operation and use 
of infra red and ultra violet spectroscopic equip- 
ment. 4. Radio and Electronics. Candidates 
should possess qualifications in Physics or Electrical 
Engineering preferably to Degree standard, with 
experience appropriate to the post applied for. 
Posts are in Experimental Officer Grade (minimum 
age normally 28), but a candidate otherwise 
suitable may be appointed as Assistant Experi- 
mental Officer. For Post 2 a Senior Experimental 
Officer appointment (minimum age normally 35) 
would be considered. Salary according to age and 
experience within ranges: S.E. £705-£895 ; 
E.0.—£495-£645 ; A.E.0.—f£220-£460. Rates for 
women somewhat lower. Write, quoting A.158/50, 
to Ministry of Labour and National Service, 
Technical and Scientific Register (K), York House, 
Kingsway, London, W.C.2, for application form, 
which should be returned completed by 14th 
July, 1950. W 2397 


MINISTRY OF SUPPLY invites applications 
from Physicists for unestablished appointments in 
Scientific Officer Class at Research and Develop- 
ment Establishments near London. Candidates 
should have a 1st or 2nd class Honours Degree in 
physics and good general electronic knowledge and 
experience. For one post familiarity with V.H.F. 
circuit techniques and modern valve design would 
be an advantage. Candidates for Senior posts must 
be at least 26 years of age and have had a minimum 
of 3 years post graduate research experience. 
Salary according to age, qualifications and experi- 
ence within ranges : Senior Scientific Officer —{670- 
£860. Scientific Officer—{380-£620. Posts carry 
F.S.S.U. benefits. Rates for women somewhat 
lower. Application forms obtainable from Ministry 
of Labour and National Service, Technical & 
Scientific Register (K), York House, Kingsway, 
W.C.2, quoting A.172/50A. Closing date, 24th 
July, 1950 J 


NV 2404 
THE CIVIL SERVICE Commissioners invite 
applications for about 20 permanent appointments 
as Wireless Technician (Male) in the Regional 


experienced in 
Engineering are 


Wireless Service under the Home Office. Can- 
didates must have been born on or after 2nd June, 
1900, and on or before rst June, 1929. They must 
have a sound theoretical and practical knowledge 
of wireless engineering with at least three years’ 
experience in the construction and maintenance of 
wireless communication equipment, including 
Very High Frequency apparatus, and be able to 
use technical equipment and simple machine tools. 
Salary, £280 (at 25)-£370. Further particulars and 
application forms from Secretary, Civil Service 
Commission, Scientific Branch, 7th Floor, Trinidad 
House, Old Burlington Street, London, W.1, 
quoting No. 3137. Completed application forms 
must be returned by 28th July, 1950. W 2405 


THE CIVIL SERVICE Commissioners invite 
applications for permanent appointments in the 
Royal Naval Scientific Service. Two Principal 
Scientific Officers. Post (a) a Physicist or Electrical 
Engineer possessing a high class Honours Degree, 
with research experience and necessary knowledge 
to undertake investigations, other than mathe- 
matical, required for the development, and the 
development itself of High Speed electronic com- 
puting and calculating equipme nt, together with 
the ability to take engineering charge of the pro- 
jects to their completion. Post (b) a Physicist or 
Electrical Engineer possessing a high class Honours 
Degree, with research experience in telecommunica- 
tions with special emphasis on all radio telephony 
methods and High Speed telegraphy; the duties 
to be undertaken call for a profound analytical 
outlook as the successful candidate will be con- 
cerned with investigations rather than the develop- 
ment of equipment. Two Senior Scientific Officers. 
Post (c) a Physicist possessing a high c lass Honours 
Degree, with research experience and a considerable 
knowledge of electronic circuitry ; the successful 
candidate would work with the officer mentioned 
at (a) above in the research and development of 
High Speed electronic computing equipment; a 
knowledge of display circuits, high speed recording 
and storage will be an advantage. Post (d) a 
Physicist or Electrical Engineer possessing a 
high class Honours Degree with experience in 
telecommunication research with emphasis on 
radio telephony and high speed telegraphy problems; 
the successful candidate would work with the 
officer mentioned at (b) above and must be of a 
calibre to design the associated equipment. Can- 
didates must have been born on or before 1st 
August, 1919. The posts (c) and (d) (and similarly 
graded Scientific posts in other Government 
Departments) are also open to candidates born 
between 2nd August, 1919 and 1st August, 1924 
(inclusive) through the Open Competition under 
Normal Re gulations already announced (No. 2887). 
The appointments in the first instance will be to 
establishments in the Greater London area. 
Inclusive London salary scales for men are: 
Posts (a) and (b)—£950-£1,250. Posts (c) and (d) 
£700-£900. Rates for women and for posts 
outside London are somewhat lower. Exceptionally 
a starting salary above the minimum may be 
granted according to qualifications and experience. 
Posts carry benefits under Federated Super- 
annuation System for Universities. Forms of 
application and further particulars from Secretary, 
Civil Service Commission, Scientific Branch, 
Trinidad House, Old Burlington Street, London, 
W.1, quoting No. 3139. Completed application 

forms must be returned by 2oth July, 1950. 
W 2408 





SITUATIONS VACANT 


A NUMBER of Senior and Junior vacancies for 
Radio, Radar, Electronic, Television, etc., Develop- 
ment, Service Engineers, Draughtsmen, Wiremen, 
Testers, Inspectors, etc. Urgently required, 30 
Television Service Engineers. Write in confidence: 
Technical Employment Agency, 179, Clapham 
Road, London, S.W.9. (BRIxton 3487). 2277 








CLASSIFIED ANNOUNCEMENTS (Cont'd.) 





ASSISTANT required for more advanced 
analytical studies in telecommunications. Natural 
Sciences or Mathematics Degree and some industrial 
experience desirable. Write, stating qualifications 
and salary required, to Box No. W 2345. 


ELECTRONICS. Large Aircraft Company has 
vacancies for specialists in Electronics. Applicants 
should not be under 27 years of age nor have less 
than five years’ experience since qualifying. 
Responsible positions are offered in connexion 
with important research and development work. 
Applications, stating date of birth, qualifications, 
experience, present job and salary, should be sent 
to Box No. W 2337. 


MAGNETIC TAPE RECORDER.—Develop- 

ment Engineer required with previous experience of 

mechanical and electrical design work in this field. 

Write giving full particulars of training and 

pean experience, also salary required. Box No. 
1149. 


GOODMANS INDUSTRIES LTD., Lancelot 
Road, Wembley. Due to continued expansion we 
have several vacancies for additional personnel 
including the following : Engineers for design and 
development of all types of loudspeakers, micro- 
phones, loudspeaker and cone diaphragms. 
Technical Assistants, Foreman and Chargehands, 
Technical Correspondents, Cone making personnel, 
etc. Applicants with suitable qualifications who 
wish to enter this interesting and expanding field 
with an opportunity of advancement and security 
should write, giving details of previous experience, 
salary received and salary now required. All 
replies marked Private will be considered and 
treated in strict confidence. W 2382 


WOOLWICH POLYTECHNIC, S.E.18. The 
Governing Body invite applications for the post of 
Lecturer in Telecommunications in the Department 
of Physics and Telecommunication, from men who 
(a) possess a good Honours Degree in Electrical 
Engineering (including Telecommunications) or 
(b) possess a good Honours Degree in Physics and 
have had experience in the Telecommunications 
field. Candidates should be prepared to teach to 
the standard of the Higher National Certificate. 
Opportunities for teaching degree work may arise. 
Burnham technical scale salary, £300 x £15 to £555, 
plus London allowance and graduate additions. 
Starting salary according to industrial and teaching 
experience. Maximum possible is £708. Full 

articulars of the post and application forms may 

e obtained from the Clerk to the Governors, to 
whom they should be returned within two weeks of 
the date of this advertisement. W 2381 


VICKERS ARMSTRONGS LTD., Weybridge, 
invite applications for the post of Electronics 
Engineer to take part in electronic side of special 
projects. Write, stating experience and qualifica- 
tions, to: Employment Manager, Weybridge 
Works. W 2379 


VICKERS ARMSTRONGS LTD., Weybridge, 
invite applications for the post of Project Engineer 
to be in charge of certain special projects. Qualifica- 
tions required for this post include experience of 
control methods and knowledge of electronics and in- 
struments. Write, stating ——- and qualifica- 
tions to: Employment Manager, Weybridge 
Works. W 2380 


AN EXPERIENCED design draughtsman is 
required for the Nelson Research Laboratories of 
the English Electric Company, Stafford. The 
successful applicant will be required for duties 
connected with special electronic valves and other 
vacuum devices and it is essential that applicants 
should be experienced in this class of work. Write, 

iving full details quoting reference 143 to Central 

ersonnel Services, English Electric Co. Ltd., 
24-30, Gillingham Street, London, S.W.1. W 2378 


UNIVERSITY OF EDINBURGH. A vacancy 
for one Technician (Grade B) exists in the Elec- 
tronics section of the Engineering Department. 
The duties consist mainly in the construction and 
repair of electronic equipment, and applicants 
should have experience in this class of work. 
Salary range, {£240x{15-£330. Applications, 
stating qualifications and experience should be 
submitted to the Secretary to the University, Old 
College, South Bridge, Edinburgh before 15th 
July, 1950 W 2377 


Electronic Engineering 


DRAUGHTSMAN with Electronic experience 
required in the Test Gear Department of large 
radio manufacturer in East London area. Appli- 
cants should have electronic experience on similar 
equipment. Kindly state full details of experience 
with age and salary required to Box No. W 2374. 


CITY OF BIRMINGHAM Education Committee. 
Birmingham Central Technical College. Applica- 
tions are invited for the post of Research Assistant 
in the Department of Physics and Mathematics 
for investigations at high frequencies. Candidates 
should be Honours Graduates of a University to 
which a thesis for a Higher Degree (M.Sc. or Ph.D.) 
may be submitted on the basis of research work 
conducted externally. The appointment will be 
for two years in the first instance but may be 
extended to a third year. Research Assistants are 
required to devote some hours weekly in assisting 
with laboratory supervision. Starting salary will 
be £300 with an allowance of up to £90 for degree 
and training, and with additional allowance for 
approved industrial or teaching experience. 
Further particulars and forms of application may 
be obtained from the Registrar, Birmingham 
Central Technical College, Suffolk Street, Bir- 
mingham, 1. on receipt of stamped addressed 
foolscap envelope. Completed forms should be 
returned to him not later than two weeks after 
the insertion of the advertisement. E. L. Russell. 
Chief Education Officer. W 2373 


DESIGNER DRAUGHTSMAN required for the 
Design and Development Laboratory of an engin- 
eering company of international repute in London. 
Applicants must possess Higher National Certifi- 
cate or equivalent qualifications, and have a 
practical experience of plastic moulds, small 
special purpose machinery, press tool work and 
general machine tool knowledge. Apply, stating 
age, qualifications and experience to Box No. 
W 2375. 


PADDINGTON GROUP Hospital Management 
Committee. West End Hospital for Nervous 
Diseases. Applications are invited for the appoint- 
ment of Junior Technician (Recordist) in the De- 
partment of Electro-Encephalography at the above 
hospital. Candidates with previous experience in 
E.E.G, will commence on the salary scale £330-£360 
according to experience. Applications, in writing, 
stating age, qualifications, experience together with 
names and addresses of two referees should be 
addressed to the Administrative Officer, West End 
Hospital for Nervous Diseases, 73, Welbeck Street, 
London, W.r. W 2372 


GRADUATE ENGINEERS required for high- 
frequency cable testing. Apply, giving age, experi- 
ence and salary required to Ref. 423, Siemens 
Brothers & Co. Limited, Woolwich, S.E.18 

W 2385 


QUALIFIED ENGINEER-PHYSICIST, age 
25-32 years, with knowledge of measurement 
technique and at least three years laboratory 
practice is required for an interesting post in the 
London, W.1, district. A good salary will be 
offered to the successful applicant. Write, giving 
full details of qualifications, experience and salary 
required to Box No. W 1144. 


THE ELECTRONIC Division (South Western) 
of a leading Radio Company invite applications 
for the post of Assistant to the Head of the Pre- 
Production Department. Candidates must have 
had a good training in light electrical and mechani- 
cal engineering practice including control of 
Machine-shops, Assembly, Wiring and Winding 
sections engaged in the manufacture of prototype 
models of radio, radar and general electronic 
equipment. Ability to plan and progress, and a 
sound appreciation of Ministry standards in 
materials, components and finishes is essential. 
Five years experience in similar capacity is a 
necessary qualification for the post. Entry into 
Pension — will be offered after a period of 
service. pplications will be treated in the 
strictest bs dence and full details should be 
submitted within seven days of the appearance of 
this announcement. Box No. W 2371 


DEVELOPMENT ENGINEER, experienced in 
Radio Test Equipment. Good pay and prospects. 
Write, Taylor Electrical haabeientente Ltd., Slough, 
Bucks. W 2369 


RADIO and Electrical Engineer, single aged 26-32, 
required by British Company trading Middle East. 
Salary according experience, Pension Scheme 
cost living allowance, etc. Apply Box No. W 1135. 


July, 1950 


FIRST CLASS Honours University Graduates in 
engineering or physics are required for a few 
outstanding senior positions at the Research 
Laboratories of the General Electric Co. Ltd., 
North Wembley, Middx. Only men with initiative 
and willing to take responsibility will be considered 
for research and development work in electronic 
and mechanical engineering laboratories and 
design offices. Salaries will be commensurate with 
experience and qualifications. Applications should 
be sent to the Personnel Officer and should contain 
a good general background of record to date 
W 2370 


FERRANTI LTD., Moston Works, Manchester, 
have staff vacancies in connection with long term 
development work on an important Radio Tele- 
Control Project. (1) Engineers and Scientists. 
Ref, R.Sc. Qualifications include a good Degree 
in Physics or Engineering, and preferably experi- 
ence in Electromechanical and servo control work, 
or microwave valve and/or circuit work. Salary 
according to age and experience, in the range £500- 
£1,000 p.a. (2) Technical Assistants. Ref. R. 
Tech. For experimental work on Radar, electronic 
circuits, microwaves, servo control and electro- 
mechanical devices. Qualifications required : 
H.N.C. or its equivalent in Electrical or Mechanical 
Engineering. Salary in the range, £275-£550 p.a., 
according to age and experience. (3) Designer 
Draughtsmen, Draughtsmen and Junior Draughts- 
men. Ref. R.D. With experience in design of 
Precision medium and light mechanical and 
electromechanical devices or electronic equipment. 
Salary according to age and experience based on 
A.E.S.D. Rates as minimum. The Company has a 
Staff Pension Scheme. Application forms from the 
Staff Manager, Ferranti Ltd., Hollinwood, Lancs. 
Please quote appropriate reference. W 2368 


SENIOR PHYSICS or Engineering Graduates 
required for original experimental work on elec- 
tronics and ultrasonics in Research Department of 
Scientific Instrument Makers in London area, 
Write, stating experience and salary required to 
Box No. W 2367. 


TELECOMMUNICATION research and develop- 
ment engineers are required for work on line 
communication problems. Applicants should 
preferably have had experience in this field and 
should possess a good all round knowledge of 
present day line techniques and of the analysis 
and design of transmission networks. A university 
Degree in engineering or physics would be an 
advantage. Salary within the range of £300 to 
£800 p.a. according to qualifications and experi- 
ence. Applications should be made to the Director 
of Research, British Telecommunications Research 
Ltd., Taplow Court, Taplow, Bucks. W 2366 


AN INTERESTING opportunity exists for a 
young and fully qualified electrical engineer with 
knowledge of electronics in connection with servo 
mechanism development for aircraft. Write to, 
Mr. G. Orloff, Chief Designer, British — Ltd., 
Cheltenham Road East, Gloucester. W 2396 


APPLICATIONS are invited for the position of 
Technical Design Engineer in the F.H.P. Motor 
Laboratory at a large electrical engineering Com- 
pany in the West London area. Experience of 
F.H.P. motor design and performance, and 
ability to accept full responsibility of a project from 
the initial design stage to factory production is 
essential. Applicants should possess Engineering 
Degree or equivalent qualifications. Apply, giving 
details of age, education and job agg to the 
Employment Officer, Hoover Ltd., Perivale, 
Greenford, Middx. W 2363 


FULLY qualified radio television engineer required 
able to drive; permanent and steadily aos 
post for capable man. Apply, giving full details 

experience to Derwent Radio, 26, Wadsworth 
Road, Perivale, Middx. W 1136 


RADIO ENGINEER required by large manu- 
facturing organisation in London area for 
Quartz Crystal Development Laboratory. Know- 
ledge of circuitry up to 200 M.Cs. desirable. 
Higher Naticnal or equivalent essential. Write, 
stating age, experience and salary requirements to 
Box No. W 2364. 





CLASSIFIED ANNOUNCEMENTS 
continued on Page 4 
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The 
SR2’s 
the limit... 


Our four winter sports enthusiasts are in reality 
Tufnol bell insulators for overhead power lines. They 
help us to point to the unlimited potentialities of 
Tufnol in industry generally. 

By way of example: in the case of the moulded Tufnol 
bell insulators illustrated, absolute reliance can be 
placed on the impressive figures of its electrical strength 
and tensile breaking strain — and those figures hold 
good under the 
most adverse con- 
ditions of exposure 
for many, many 
years. 

But Tufnol is also 
supplied in sheets, 
tubes, rods, bars, 
angles, channels, 
and other standard 
sections, to be drill- 
ed, tapped, sawn, 
milled, turned, 
punched, or routed to your own specification — 
in your own workshops if required. 

Tufnol asks no favours—it can be machined accurately 





aa nian i. ial 
A group of Tufnol Gears. Tufnol is 
suitable for most types of gears. 


TUFNOL LTD -> 





PERRY BARR * 


Electronic Engineering 







and as easily as hardwood without revealing any of 
the obvious defects of either wood or metal when 
subject to corrosive conditions, moisture, impact, or 
simple wear and tear. 

The only limit set to the uses of Tufnol is the limit of 
your own ingenuity in employing this very versatile 
material. 


HOW MUCH IS KNOWN 
ABOUT TUFNOL? 


We have prepared a series of informative 
handbooks which contain all the data 
relevant to Tufnol as a material and many 
authenticated instances of its application 
to engineering and industrial problems. Our 
own Technical Staff are always ready to 
co-operate in, and report factually on, 
any proposed new development. Why not 
write TODAY ? 








REGISTERED TRADE MARK 








An ELLISON Product 


248 





CLASSIFIED ANNOUNCEMENTS (Cont'd) —__ 


ENGINEER INSPECTORS required for employ- 
ment on al! aspects of electrical inspection of 
prototype electronic equipment. Qualifications : 
age 25-30, Higher National Certificate standard 
with production experience in radio engineering. 
Knowledge of A.I.D. work would be an advantage. 
Applicants to write, quoting ED/16 and giving 
full details to Personnel Department, E.M.I. 
Engineering Development Ltd., Blyth Road, Hayes, 
Middx. NV 2387 


ELECTRONIC ENGINEERS are required by a 
large aircraft company for experimental work on a 
new and interesting project. Applicants, who 
should preferably be under 35 years of age, must 
have received technical education up to a Degree 
standard and should be experienced either in UHF 
design and measuring techniques or in instrumenta- 
tion work. Apply, stating age, experience ,and 
salary required to Box No. W 2388. 


SENIOR PHYSICIST or Electronic Engineer is 
required by the English Electric Valve Co. Ltd., 
Chelmsford, for Research and Development work 
on travelling wave tubes. Applicants with con- 
siderable experience in this field should write, 
giving full details of qualifications and experience, 
quoting reference 440 to Central Personnei Services, 
24-30, Gillingham Street, Westminster, London, 
S.W.1. W 2390 


ENGLISH ELECTRIC CO, LTD., Chelmsford, 
require a Junior Engineer for design and develop- 
ment work on high power transmitting tubes. 
The successful applicant will be required to serve 
at least 12 months testing transmitting valves in 
order to gain necessary experience. Write, giving 
full details, quoting reference 419A, to Central 
Personnel Services, English Electric Co., 24-30, 
Gillingham Street, London, S.W.1. W 2389 


DESIGNER DRAUGHTSMEN required by 
Wayne Kerr for work covering a wide range of 
electronic applications, measurements and radio 
communications. Applicants should have had 
several years experience in this class of engineering. 
Write, giving full details of qualifications and 
experience, to the Senior Project Engineer, Wayne 


Kerr Laboratories Ltd., Sycamore Grove, New 
Malden, Surrey. W 2391 
THE MULLARD RADIO Valve Co. Ltd., have 


vacancies for Junior Assistant Valve Engineers, 
age 20-30. Education to at least inter B.Sc. and 
some practical ability preferred. Hours of work, 
7.30 a.m. to 5.15 p.m., Monday to Friday, salary 
according to age, experience and qualifications. 
Call or write Mr. E. J. Pittman, Mullard Radio 


Valve Co. Ltd., New Road, Mitcham Junction, 
Surrey, quoting the reference R.3. W 2392. 
ENGINEER required by X-ray equipment 


manufacturer in N.W. London area for responsible 
position in Service Department. Applicants must 
be of good personality and have had administrative 
experience. Aged 30-40. Good technical education 
essential also engineering experience, either in X-ray 
engineering or light electrical engineering. Short 
period of probationary training will be given to 
right applicant in London or Provinces before 
appointment. Apply in first instance by letter, 
giving details of qualifications and experience, and 
salary required, to Box “ G.W.” c/o, Geo. J. Smith 


& Co. Ltd., 74/76, Temple Chambers, Temple 
Avenue, London, E.C.4. ’ 2393 
ELECTRONICS. Interesting vacancies now 


exist in the Nelson Research Laboratories of the 
English Electric Co. Ltd. University trained 
engineers or physicists are required for design of 
special circuits for electronic computing machines 


at Stafford and in the London area. Vacancies 
also exist in these laboratories for electronic 
engineers with H.N.C. (Elect.). Please write, 


giving full information, quoting reference 305, to 

Central Personnel Services, English Electric Co. 

Ltd., 24-30, Gillingham Street, London, S.W.r. 
W 2395 


JUNIOR Electrical Engineers are required for the 
development and design of television camera and 
associated equipment at Marconi’s Wireless 
Telegraph Co. Ltd., Chelmsford. Salary, £350- 
£550 p.a. Senior Engineers with research or 


development experience in this field also required. 
Salary £600-{800 p.a. 
reference 323A 
English Electric Co. 
Street, 


Send full details quoting 
to Central Personnel Services, 
Ltd., 24-30, Gillingham 


London, S.W.r1. NV 2394 
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the 


interested in 
application of electronic equipment in the indus- 
trial field (a) For test of prototype and special 


WANTED, ENGINEERS 


equipment. (b) For liaison with customers and 
commissioning of equipment. Applicants should 
have a sound electrical or electronic background 
and be educated to National Certificate Standard 
or equivalent. Also required are young engineers 
with electrical or electronic training for positions as 
assistants in development laboratory. Applicants 
for any of the above positions should write, giving 
details of age, education, experience and salary 
required to: British Electronic Products (1948) 
Ltd., Rugeley, Staffordshire. 2384 


REQUIRED IMMEDIATELY, Senior Draughts- 
man. Must have ten years experience in design 
and development of (a) Electromechanisms. 
Electronic chassis and ancillary equipment. 
Design and development. (b) Mechanisms, 
instrument type. H.N.C. standard and above. 
Situated in Surrey offering good remuneration and 
conditions in rapidly expanding research and 
development organisation. Write, stating experi- 
ence, age and salary. British born personnel only 
are required. Box No. W 1140 





JUNIOR DRAUGHTSMAN required in Surrey 
research organisation. Age 20-25. Situation 
offers great scope and opportunity under ideally 
congenial conditions. Experience should be of 


electromechanical nature. Write, stating age, 
experience, schools and present salary. Box No. 
W 1141. 

EXPERIENCED service engineer required, 
radio and television, able to drive, good salary for 
right man. F. Higgins, High Street, Ware. Tel. : 
214. W 1137 


ASSISTANT required by Commercial Manager of 
large company in London, engaged in manufacture 
of specialised radio and radar equipment. Broad 
experience necessary of all commercial activities, 
handling of contracts, correspondence and internal 
co-ordination. Some knowledge of radar or radio 
an advantage. Interesting opportunity for 
versatile energetic young man of good personality. 
Pension Scheme in operation. Write fullest details, 
age, experience and salary required, to Box No. 
W 2361. 


DEVELOPMENT ENGINEER required for the 
design of Short Wave Diathermy equipment and 


similar industrial H.F. Heaters. B.Sc., A.M.I.E.E. 
or Higher National. Age 25-40 years. Good 
experience essential including crystal control, 


particularly in the range 10-50 megacycles. Write, 
stating experience and salary required to Per- 


sonnel Manager, The Edison Swan Electric Co. 
Ltd., Ponders End, Enfield. W 2360 
DRAUGHTSMEN with Electronic experience 


required by large Radio manufacturer in the East 
London area. Applicants should have thorough 
drawing office training and technical education to 


National Certificate or equivalent standard. 
Kindly state details of technical training and 
experience with age and salary required to Box 
No. 2359- 


SENIOR ELECTRONIC Engineer fully ex- 
perienced in light electro mechanical engineering 
required for development work in_ industrial 
electro. mechanical equipment. A thorough 
knowledge of general electrical engineering and 
electronic techniques is required. Applicants 
should be capable of carrying through a project 
to the production prototype entirely on their own 
initiative. Box No. W 2402. 


SENIOR ELECTRONIC Development Engineer 
fully experienced in light electromechanical 
engineering required for development work on 
microwave transmission systems including the 
design of wave guide rotating joints paraboloid 
reflectors with dipole feed and equipment for the 
measurement of antenna system polar diagrams. 
Box No. W 2403. 


APPLICATIONS are invited for the position of 
Technical Representative in the Manchester and 
Northern area in connection with the Company’s 
manufactures of Industrial electronic equipment. 
Appropriate technical and commercial experience 
with this class of equipment is essential. The 
position is permanent and the successful candidate 
will be required to live in the Manchester area. 


Car will be provided. Apply, quoting reference 
356B to Central Personnel Services, English 
Electric Co. Ltd., 24-30, Gillingham Street, 
London, S.W.1. W 2406 
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THE GENERAL ELECTRIC CO. LTD., are 
expanding their Radio Development Laboratory 
at Coventry and a number of vacancies for Senior 
and Junior Engineers exist at present and a further 
considerable number of vacancies will occur during 
the next few months in the new _ laboratory. 
Applications are invited from Development 
Engineers with experience of microwave radio or 
radar techniques who are capable of developing 
equipment and components to vag specifica- 


tions. Write, quoting Ref. C. (1) to Per- 
sonnel Officer, General Electric Co. y! td., Radio & 
Television Works, Coventry. ] 2401 
INSTRUMENT DRAUGHTSMAN required 


Electronic, Electrical and 
Mechanical devices. Interesting work on new 
projects for keen man with intiative. Apply, in 
writing, giving details of experience and qualifica- 
tions, to K.D.G. Instruments Ltd., Purley Way, 
Croydon, Surrey. W 1146 


SECRETARY (Shorthand Typist) wanted by 
Editor of Radio Journal in London. Familiar with 
technical terms and some experience of radio 
industry and organisations. Interesting work ; 
5-day week. Box Ne. W 2407. 


ELECTRONICS ENGINEER. A large firm in 
S.E. London has vacancy for experienced man with 
Honours Degree. Good prospects for advance- 
ment. Apply, with details of age, experience, 
salary expected. Box No. W 1147. 


E. K. COLE LTD. (Electronics Division) invite 

cations for the post of Senior Engineer 
Physicist. The person appointed will be responsible 
for the design of Electronic equipment, for nuclear 
research, Health protection, and the application 
of Radioactive Isotopes to industrial problems, 
A good Physics Degree is an essential qualification. 
Candidates should have an intimate and up-to-date 
knowledge of Atomic Physics, together with a 
sound knowledge of modern electronic circuit 
techniques, and not less than five years’ experience 
on equipment design. Salary will be commensurate 
with the degree of responsibility the succ essful 
applicant is able to carry, and entry into the Com- 
pany’s Pension Scheme will be offered after a 
period of service. Full particulars, in writing, to 
the Personnel Manager, Ekco Works, Malmesbury, 
Wilts. W 2411 


for design work on 





PHYSICISTS and Physical Chemists, up to the 
age of 35 years, with Honours Degree, required for 
various new posts on the development of radio 
receiving valves and associated manufacturing 
processes. Previous experience desirable but only 
essential for the senior posts. Special training 
courses for Graduates direct from College. Salary 
according to qualifications and experience. Only 
applicants with drive and initiative need apply, 
stating age, qualifications, experience and salary 
required, to Personnel Officer, Brimar Valve Works, 
Footscray, Sidcup, Kent. W 2409 





SENIOR TELEVISION Engineer required by 
the English Electric Co. Ltd., to supervise develop- 
ment and take general technical control of television 
receiver engineering at their Liverpool Works. 
Applicants, who should be qualified engineers with 
extensive experience in this class of work, should 
write, giving full details quoting reference 447, to 
Central Personnel Services, English Electric Co. 


Ltd., 24-30, Gillingham Street, London, S.W.r1. 
W 2414 
ELECTRO-ENCEPHALOGRAPH _Recordist. 


Winwick Hospital, Warrington, has a vacancy for 
a full-time E.E.G. Recordist, to take charge of the 
Department and do a small amount of other 
electro-diagnostic work. Salary, £300 by £15 to 
£360 p.a. Applications would also be considered 
from persons who have had some experience in 
this work or in an electronic research laboratory to 
the level of School Certificate with five credits. 
Such untrained personnel would, if appointed, be 
required to undergo training for a period of ten 
weeks in Bristol or in London. Leave, with pay, 
would be granted for this purpose, the salary 
during the period of training being £260 p.a. or on 
the General Division of the A.P.T. Scales, which- 
ever is the lower. Applications should be received 
by the Medical Superintendent not later than 
1st August, 1950. W 2415 





CLASSIFIED ANNOUNCEMENTS 
continued on Page 6 
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CLASSIFIED ANNOUNCEMENTS (Cont'd.) _ 





REQUIRED, Student Technician, age 17-21, 
Biophysics and Electronics Section. Salary from 
{110 p.a. to £225 p.a.—{10 London weighting. 
Apply Secretary, Post-Graduate Medical School, 
Ducane Road, London, W.1r. W 2410 


OUTSIDE Salesmen wanted for March (Cambs.) 





and Norwich. Wage and good commission. 

Write, Godfrey Radio Television, Brundell, 

Norwich. W 1145 
FOR SALE 

VALVES. Guaranteed new and boxed. Few 

Government surplus, 6L6, 8s. 6d.; 78, 6s. 3d.; 

6F6, 5s.; 6J7, 4s. 9d.; EL33, 8s. 6d.; 6K8, 


5s. 6d.; 6Q7, 5s. 6d.; 6K7, 4s. 9d.; 6J5, 45.; 
ON7, 5s. 6d.; 6C5, 58. 6d.; 6X5, 48. gd.; VU39, 


6s. 3d.; EF39, 5s. 6d.; 25L6G, 6s.; KTW61, 
4s. 9d. ; wre: 6s. 3d.; KT44, 5s. 6d.; 6V6, 
4s. od.; EBC33, 4s. od.; Urx8, 6s. 3d.; 5U4G, 


5s.; 524, 48. 9d.; 14F6G, 4s. 9d.; 6SG7, 4s. 6d. ; 
VUrtr, 4s.; SP4, 4s. 9d.; 6SH7, 3s. 6d.; 807, 
4s. 9d.; SP61, 3s. 6d.; SP41, 3s. 6d.; EAs50, 3s. ; 
EF50, 6s.; 6H6, 2s. 9d.; EL32, 4s.; EK32, 4s. ; 
ECH35, 6s. 6d.; VU39, 6s. 6d. Postage paid, 
C.W.O. or C.0.D. Wholesale only. Send for list 
of over 500 Radio Lines. William Carvis, 103, 
North Street, Leeds, 7. W 1121 


WALKY TALKY, all-dry, brand new, miniature 
7-9 Mc/s., 65s. each; two 60W transmitters, 
15 Gns. each. Collins Radio, 24, Lilyville Road, 
S.W.6. RENown 4178. I100 


WEBB'S 1948 Radio Map of World, new multi- 
colour printing with up-to-date call signs and fresh 
information ; on heavy art paper, 4s. 6d., post 6d. 
On linen on rollers, 11s. 6d., post 9d. W 102 


AMERICAN MAGAZINES. One 
Siacse® sett lp 2 rat 
” 28s. od.; “ Radio and Television 
News,” 6s. 3 “ Po ular Science,” 28s. 6d. S.A.E. 
for full list from Willen Ltd. (Dept. 9), ror, Fleet 
Street, London, E.C.4. W 2214 


M/COIL MICAPHONES, new, boxed, 1s. each. 
Valves VR54, VR65, AVRog2, all 2s. each. 6J5, 
VR65, 6SU7, 6AC7, 3s. each.; EF50, 6L6, 5U4, 
6s.each, new, boxed; XTAL 21-22, ror Sylvanic, 
s. 6d. each. 2-pin plugs, sockets, 6d. complete. 
/Controls, 2s. each. Belling & Lee plugs, 5-pin 
and 7-pin and sockets, 6d. each, C.W.O. Harry 
White Amateurs Paradise, 155, Humberstone 
Road, Leicester. W 1123 


year post 
“ Audio 


TELEVISION. The trade is invited to contact us 
for P.M. focus rings, televisor R.F. and deflector 
coils, Low C line transformers, and new iron- 
cored inductances of high upper frequency limit 
and remarkably low ECH loss. Value for money 
assured, quality precludes low prices. Bel Sound 
Products Co., 10, Marlborough Yard, Marlborough 
Road, Upper Holloway, London, N.19. 110 


I.P.R.E. Technical Publications. 5,000 alignment 
peaks for superheterodynes, 4s. gd. post free ; 
*The Practical Radio Engineer,” quarterly 
blications of the Institute, sample copy, 2s. post 

; membership and examination data, 1s. post 


free. Secretary, I.P.R.E., 20, Fairfield Road, 
London, N.8. W 2320 
VALVE BOXES, new, plain, 1,000, 25s. ; 2,000, 
45S.; 5,000, C.W.O., C/P. Amateurs’ 


Paradise, 155, Humberstone Road, Leicester. 
W 1126 


TELEVISION. All parts in stock for E.E. 
televisor, Haynes scan and focus coils; line 
trans. model on view. H. G. Radio, 1350, Stratford 
Road, Birmingham, 28. W 1113 


AUTOMATIC Voltage Regulators for AC mains. 
Ferranti 7.5 KVA; moving coil; frequency com- 
pensated ; undistorted output waveform. Tapped 
to suit any nominal supply between 200 and 250 V, 
1 ph, 45 to 66 cps. Input voltage may vary from 
88 per cent to 108 per cent of nominal. Output: 
100 per cent + $ percent. Complete with voltmeter, 
spares, handbook. Brand new, in original oiled 
paper wrappers and export packing cases. Gov't 
surplus. Offered at a fraction of normal cost. 
Overseas enquiries invited. P. B. Crawshay, 166, 
Pixmore Way, Letchworth, Herts. W 2355 
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MAGNETIC TAPE. Emitape, 25s. per spool, 
1,200 ft. Disc recording machines and blank 
discs, ribbon and M/C. microphones, amplifiers, 
tape desks, etc. Full trade terms available. 
Delivery from stock. Sound Discs (Supplies) Ltd., 


178, Bispham Road, Southport, Lancs, Telephone: 
8153. W 1096 
CONDENSERS, 0.01 mfd. 5,000 wkg., 0.02 


8,000 wkg., Can type, 2s. 6d. each. Amateurs’ 
Paradise, 155, Humberstone Road, Leicester. 
W 1125 


JACK PORTER Ltd. (Radio). Send for full lists 
of new and ex-Government equipment, 30/31, 
College Street, Worcester. W 1128 


ELECTRONICS. Write to the firm which 
specialises in electronic equipment for your 
ss in relays, valves, thyratrons, photo- 
cells, electron multipliers, special C.R.T., image 
converters, selsyns, velodynes, etc., as well as all 
components. A. McMillan, 5, Oakfield Road, 
Bristol, 8. W 1102 


MERCURY SWITCHES are made by Hall 
Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N. 22. Phone BOWes 
Park 7221-2. W 107 


WOODWORK of all descriptions, large and small 
quantities: your enquiries invited. Repetition 
Woodworks Ltd., Old Roller Mill, South Darenth, 
Kent. W 1132 


COPPER screening cans, 2$x14 in. for sale 
cheap. Chassis mounting. Large quantity, suit- 
able all radio television components. Sample on 
request. Box No. W 2383. 


ELECTRIC motor and rotary converters, all 
sizes in stock. Universal Electrical, 221, City 
Road, London, E.C.r1. W 1118 


1949 Fordson Van, equipped as mobile recording 
van, complete with twin recorders, generators, 
battery bank, mics, cables, etc., all gear completely 
installed and van P.A.; also would sell complete 
or in part; cost nearly £2,000 new. Rapstone 
Radio & Recording Co., 44, Fountayne Road, 


London, N.16. W 1139 
EVERYTHING for Radio Constructors: 
Condensers, coils, valves, resistors, etc. Send 


Smith, 98, West End Road, 


stamp for list. 
W 1134 


Morecambe. Quick Service. 


ENTIRE CONTENTS of _ well-equipped 
electrical and chemical laboratories for sale, 
covering Q meters, radio frequency measuring 
instruments, Bridges R.F., moving coil instru- 
ments, avometers, scales, microscopes, etc. Apply 
for complete list to Truvox Engineering Co. Ltd., 
130, Mount Street, W.1. W 1133 


INDUCTANCES—Ferrous Oxide Cores 3H to 


34C1 MCS. Qroo to 300. Bel Sound Products, 
Mfs. Elect. Engrs., Marlborough Yard, Archway 
N. 19. North 1025. III 


TAYLOR signal generator 65B, almost new, £12. 
Herbert, 17, Bedwell Road, London, N.17. 
1150 


COILS. Special inductances ruH to 2HQ at 
RF wound to order. Bel Sound Products Co., 
Marlborough Yard, Archway, N.19. Archway 
5078. J 112 


FOR SALE. Constant Voltage Transformer by 
Advance Components Ltd. Type MT 218A: 
Input, 190 to 260 volts 50~; output, 230 volts 

S., 1.8 K.W. Price, £20. Apply to Secretary, 
Institute of Psychiatry, Maudsley Hospital, 
Denmark Hill, S.E.5. W 2400 


T.V. DI-POLE Insulators in moulded bakelite, 
fit 4 in. elements and 1 in. boom, 5s. each. C.W.O. 
M. & B. Radio, 120, Holt Road, Liverpool, 7. 


W 1138 
OSCILLOSCOPE, Dumont 241, list £150, 
excellent condition, £65. Parker, 12, Cobham’ 
Terrace, Greenhithe, Kent. W 1142 
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EDUCATIONAL 


CITY AND GUILDS, (Electrical,) etc., on ‘‘ No 
Pass—No Fee ’’ terms. Over 95 per cent successes. 
For full details of modern courses in all branches of 
Electrical Technology, send for our 112-page 
handbook—free and post free. B.I.E.T. (Dept. 
337C), 17, Stratford Place, London, W.1. 
100 


THE POLYTECHNIC, 309, Regent Street, W.1, 
Electrical Engineering Department. Head of 
department: W. H. Date, B.Sc.(Eng.), M.I.E.E. 
Full-time Day Courses are provided in Electrical 
and Telecommunications Engineering. The 
courses, which extend over a period of three to 
four years, prepare for the Higher National 
Diploma, and professional examinations and for 
the B.Sc.(Eng.) Lond. Session 1950-51 begins 
on September 19th, 1950. Evening Courses in the 
above subjects and also in Radio and Television 
Service Work commence on Monday, September 
25th. The courses prepare for the Ordinary and 
Higher National Certificate and for the City and 
Guilds of London Institute examinations. New 
students will be enrolled on September 2oth, 
6-8 p.m. Prospectuses may be obtained on 
application to the undersigned, J C. Jones, 
Director of Education. W 2301 


UNIVERSITY OF EDINBURGH. Post- 
Graduate Course in Electronics and Radio. A 
one-year Post-Graduate Course in Electronics and 
Radio will commence on October roth, 1950, to 
provide specialised training for Graduates wishing 
to undertake research in this field. Applicants 
should hold an Honours Degree in Electrical 
Engineering, Mathematics or Physics. Full par- 
ticulars may be obtained from the Dean of the 
Faculty of Science, King’s Buildings, West Main 
Road, Edinburgh, with whom applications must 
be lodged by July 31st, 1950. W 2358 





SERVICE 


ARMATURE and motor repairs of all descrip- 
tions; vac. grinders, drills, gram. motors, split 
phase, transformers rewound; lowest quotations 
and speediest service; new commutators and 
bearings supplied and fitted. W. D. T., 77, Gt. 
Western Street, Manchester, 16. W 1103 


GLASSBLOWING, repetition and scientific, b 

Hall Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N.22. Phone BOWes 
Park 7221-2. W 109 


TRANSLATIONS and Abstracts, 
Sciences/French, German, Russian. 
worth Gdns., W. Harrow, Middx. 


Physical 
36, Chats- 
W 1148 


ELECTRICAL Measuring Instruments of every 
make repaired and standardised. The Electrical 
Instrument Repair Service, 329, Kilburn Lane, 
London, W.9. Tel. : Lad. 4168. NV rI5r 


SERVICE SHEETS for hire, reasonable terms. 
S.A.E. for particulars to W. J. Herbert, 118, Gelli 
Road, Gelli Pentre, Rhondda, Glam. W 1143 





WANTED 


WE WILL BUY at your price used radios, 
amplifiers, converters, test meters, motors, pick- 
ups, speakers, etc., radio and electrical accessories. 
Write, phone or call, University Radio Ltd., 22, 
Lisle Street, London, W.C.2. GERrard 4447. 
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Flectronic Engineering 


Infra - red 


Photo - conductive cells 





For Pyrometry, Spectroscopy, and 
the Detection of Radiant Heat 


These lead sulphide cells are the fastest 
and most sensitive devices for the detec- 
tion and measurement of infra-red radia- 
tion in the | to 3 micron wavelength 



















BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO., LTD., RUGBY, ENGLAND 


region of the spectrum. They are sensitive 
to source temperatures as low as 200°C, 
and they respond to temperature varia- 
tions within 100 microseconds. 


Left: Type ““M”’, for detection and pyro- 
metry, is of minimum dimensions 
and simple mechanical construction. 


Below: Type “C.1”, for detection and 
spectroscopy. This cell has provision 
for cooling by carbon dioxide, a 
feature which considerably increases 
its sensitivity. 


Other BTH infra-red devices include: 
Nernst filaments (as infra-red sources), 
special infra-red transmitting glass, and 
semiconductor bolometers. 


Full particulars on application. 





A3986 





Electronic Engineering 


July, 1950 


SC-SEAL TRIODES 
for Ultra High Frequencies 


For U.H.F. links, local oscillators, and wide band applica- 
tions such as multi-channel communication systems and 
radar altimeters, frequencies up to 1500 Me/s or even 3000 
Mc/s are often required. The Mullard Disc-Seal Triodes 


have been designed specifically for such purposes. 


Mullard News Letter 


Manufacturers, designers and 
consu!tants who are not already 
on the mailing list for this service 
of advance information on new 
valves, are invited to write for 
full particulars. 


In the ME1001, adequate cooling and low inductance are 
combined in the design of the anode and grid discs to give 
an anode dissipation of 10 watts and an upper frequency 
limit (as an oscillator) of 3750-3500 Mc/s (8-8.5 cm). 


The ME1003 is basically similar in design to the ME1001, 
but the larger electrodes permit an anode dissipation of 
25 watts. However, the larger clearances necessary to 
obtain this value, limit the upper frequency to 2500 Mc/s. 





PRINCIPAL CHARACTERISTICS 








Heater Voltage (V) 


6.3 


6.3 





Heater Current (A) 


0.4 


1.0 





Max. Anode Voltage (V) 





Max. Anode Dissipation (W) 





Max. Anode Current (mA) 








Max. Peak Anode Current (mA) 


500 
25 
200 


500 





Power Output (W) 


: 0.8 

(at 3000 Mc/s) 
3.5 

(at 500 Mc/s) 


6 

(at 1500 Mc/s) 
20 

(at 430 Mc's) 





Mutual Conductance (mA/V) 


6 


20 





Amplification Factor 








30 








30 





Mullard 


THERMIONIC VALVES 
& ELECTRON TUBES 


INDUSTRIAL POWER VALVES . THYRATRONS . INDUSTRIAL RECTIFIERS . PHOTOCELLS 


FLASH TUBES 
REFERENCE LEVEL TUBES - COLD CATHODE TUBES . 


ACCELEROMETERS . CATHODE RAY TUBES 


STABILISERS AND 
ELECTROMETERS, ETC. 





MULLARD ELECTRONIC PRODUCTS LIMITED, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
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CATHODE RAY TUBES 


COATED LENSES 


MIRACLE oRUGS 


SINTERED METAL 


DEHYDRATED Fooos 
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COMMERCIALISES 
LAB. PROCESSES 


YESTERDAY’S LABORATORY DISCOVERIES 

are daily being made into profitable commercial projects by 
KINNEY High Vacuum Pumps. Already earning big 

profits for user in scores of processes—including exhausting 
lamps and valves, dehydrating foods and other substances, making 
drugs, brazing in vacua, vapourising and depositing metals 

and other materials on lenses, plastics and so on, 

impregnating electrical components and “ improved ” woods— 
they will do so for you too if vacuum technique can be 
applied. It will pay you to write for the Kinney Pump 
Bulletin 101. 


Low absolute pressures of 0.5 
microns (compound models) and 10 
microns (single stage) are the aston- 
ishing figures produced by these 

umps, unaided by diffusion pumps. 

ith or without the latter, Kinney 
Pump’s rapid pump-down cuts 


STATION WORKS, BURY ROAD, RADCLIFFE. processing times considerably. 
London Office: Third Floor, 9, Victoria Street, LONDON, S.W.1. 


Hopwood 
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TYPICAL A.C. 4 
EVERSHED SERVO MOTORS FOR 
SPECIAL DUTY ELECTRONIC CONTROL 
F.H.P. MOTORS ; 


25 





FY 














a 


TORQUE/SPEED 


REFERENCE 
PHASE 
i ev 
oo CONTROL PHASE 
) 2 


Motors wound for 
50-240 volts working, 
50 and 60 C.P.S. 


Antihunt induction 














N 
6 
y lo 
: 
= 


‘ 








TEMPERATURE RISE, 
WITH REFERENCE PHASE 


NERGISED 55° 
E om, Ses generator may be fitted 


| ee 
1000 2000 3000 to all motors, giving 
SPEED RPM 0.75 V./1000 R.P.M. 
All motors rated for 


MOMENT REFERENCE CONTROL OUTPUT a temperature rise 
OF INERTIA PHASE WATTS. with reference phase 


OZ, INS.* ; WATTS. ‘ 
energised of 55°C. 


18 Send for the 


% Evershed Small Motors’ 
‘6 : ; Data Book. EE 22. 


EVERSHED AND VIGNOLES LIMITED 
ACTON LANE WORKS : CHISWICK -: LONDON : W4 

Telephone: Chiswick 3670 Telegrams: Megger, Chisk, London Cables: Megger, London 

5/165 
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> 4. vp sgiee pS itd CERO lle oY 
Seg incall 
4 ~"e f 
“a ‘ea To this age-old teaser there is but one 
\ AS : Af answer — measure it ! 
N . 1 _— It’s the same with an amplifier, its perfor- 
* ys mance cannot be judged merely by visual 
Rane as inspection; measurements must be made 
<a which are far more involved than the 





measurement of string. . . 


The ‘CINTEL’ SQUARE WAVE & PULSE GENERATOR 


enables the response and 
transient characteristics 
of an amplifier to be 
determined in a matter 
of minutes. 





CONTE, 


wee tee 









For fil technical details 
and further applications 
of this instrument, please 
write for leaflet No. 
S.W.G.1/1. 




















CINEMA - TELEVISION LIMITED 


A Company within the J. Arthur Rank Organisation 
FOREMOST IN THE MANUFACTURE OF 


@ Counters & Chronometer; @ Metal Detectors @ Oscilloscopes @ Photo-Electric 
Cells @ Cathode Ray Tubes e@ Geiger-Muller Tubes @ Electronic Instruments 


WORSLEY BRIDGE ROAD:LONDON :S:E-26 
Telephone: HiTher Green 4600 



























Northern Agents: 
F. C. ROBINSON & PARTNERS LTD. 
287 Deansgate, Manchester 3 


Scottish Agents: 
ATKINS, ROBERTSON & WHITEFORD LTD 
100 Torrisdale Street, Glasgow. $.2 
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The “Belling-Lee’ page 
for Engineers 








The famous ‘‘Belling-Lee”’ ‘‘B” type terminal is 











; now offered as a High leakage resistance terminal (details 
Type Rtg. in | Peak Wkg. 5 
amperes| Voltage below). The above, the standard and high voltage 
“B"’ Standard 15 1,000 types, can be supplied with plain red or black high 
“B"” High voltage 15 | 2,000 grade bakelite tops* or with 4 mm. top socket, and 
tnd = ge have an anti-twist wedge on collar; no thread in 
i tecadill 15 1,000 clamping gap ; special eared clamping washer ‘and 
“L’ High voltage 15 2,000 soldering spill for alternative methods of connection; 
“R" when fitted with : 
wR" when fitted with! 9 350 nickel plated metal parts. . 
“w" 15 750 Ratings and voltages of these and other terminals 

















are shown in the table opposite. 





ee 20 million of anything is alot. 20 million megohms 
«ath is the leakage resistance of the new ‘‘Belling-Lee” high 
wis 40 leakage resistance terminal specially designed for instru- 
0 mentation in nuclear physics, triode electrometers, high 
L resistance bridges, etc. The smaller type has a resist- 
ance of 3.6 million megohms. Tests were taken at 

4 Supplied with standard letter- 850 volts, D.C. 55° F. and 70% relative humidity. 
ings in quantities subject toa Both types will be available shortly and samples 

special quotation. will be sent on request. 


BELLING ¢ LEE LID 3= 


CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 























4 Electronic Engineering July, 1950 


POINTERS 








Peat RECORSianG O8 DIS k 


Some points about the CB/E which have made this machine the considered choice of many discriminating 
broadcasting concerns throughout the world 


(1) HEAVY CAST IRON TURNTABLE, spumenty (s) GROUND STEEL LEADSCREW HOUSING 
balanced, ensures freedom from ‘wow’ TUBE provides a generous cutterhead arm bear- 
ing free from side - play. 
(2) TWIN DUAL SPEED FRICTION DRIVES 
designed to reduce vibration and ground noise to a (6) HAND OPERATED TRAVERSING CONTROL 
minimum. provides easy scrolling off and scrolling on. 
(3) ROBUST MILD STEEL BASE PLATE }"” thick 
ensures rigidity, stability and freedom from (7) ld ag ELECTRO MAGNETIC CUTTER- 
vibration. AD with built in equaliser, possessing excep- 
ae stable characteristics. 
(4) GROOVE SPACING CONTROL gives continuous 
adjustment of pitch when cutting outside/in or (8) CHANGE SPEED LEVER provides instantaneous 
inside/out. change to either 78 r.p.m. or 33} r.p.m. 


Full details and technical data on request. 


M:-S°S-RECORDING COMPANY LTD 





POYLE CLOSE - COLNBROOK - BUCKINGHAMSHIRE - TELEPHONE - COLNBROOK 87€EII5 
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STANDARD OF STABILITY 


TYPE 903 FREQUENCY STANDARD 
Guaranteed accuracy I part in 100,000 


Output : 


1. 50 cycles, sine wave, 
0-250 volts at 0-10 watts, 

2. 250 cycle pulses. 

3. 1,000 cycle pulses. 


Time bases, rate indicators, 
clock systems, control devices, 
and small synchronous motors. 


— CONTRACTORS TO H.M. GOVERNMENT — 





INTER ELECTRON INDUSTRIES, 7 CHILTERN STREET, LONDON, W.1. 
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From Durban to Pietermaritzburg the State Railway climbs six 
thousand feet above sea level through one of the most majestic 
valleys in the Union-The Valley of a Thousand Hills. The giant 
electric engines haul their long trains steadily upward, winding 
and twisting through the mountain passes in the shimmering 
sunlight, or flashing like comets through the moonlit brilliance of 
a tropical night against a background etched in silver and ebony 


And far away in England Mrs. Thompson draws the curtains 
against the foggy drizzle of a November evening and settles 
down in the firelight to look in at musical comedy radiated 
from Alexandra Palace. 


Trains, Television,and the clock synchronising time with the 
pulse of an alternating current, all owe a major part of their 
smooth functioning to Porcelain. 

From the mighty surge of thousands of kilowatts, to the 
minute whispering of microvolts, electricity insulated by 
porcelain goes about its business in safety. Through tiny 
tubes, across giant insulators, flexible in fishspine beads, 
on starkly terminating in complicated die-pressed bases, the 
myriad electrical energies that help to make the modern 
world go round, travel safely insulated by Porcelain. 
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\\i\=A TRAIN CLIMBING 
‘THE VALLEY OF. A 


THOUSAND HILLS IN 
NATAL, 2nd TELEVISION 
AT THE THOMPSONS 


TAYLOR, 
TUNNICLIFF 
PORCELAIN 





TAYLOR, TUNNICLIFF & CO. LTD. Head Office: EASTWOOD 
London: 125 HIGH HOLBORN, W.C.1. Holborn 1951. 


HANLEY < STAFFS ° Stoke-on-Trent 5272-4 


Factories at : Hanley, Stone and Longton, Staf*s. 















950 





July, 1950 


Flectronic Engineering 











HIGH 
QUALITY 
REPRODUCTION 


“FIFTY and THIRTY WATT”, CINEMA AMPLIFIERS 


as illustrated for singleYor double P.E.C. input with 
separate adjustable bias. Full range of tone controls to 
suit all needs with built-in Exciter Supply if required. 


PRICES range from 34} gns. to 42} gns. 





TYPE C.P. 20A AMPLIFIER 


For AC Mains and 12 volt working giving 15 watts output, 
has switch change-over from AC to DC and “‘ Stand-by ”’ 
positions. Consumes only 54 amperes from 1|2 volt battery. 
Fitted with mu-metal shielded microphone transformer for 
15 ohm microphone, provision for crystal or moving iron 
ick-up with tone control for bass and top. Outputs for 
5 and 15 ohms. Complete in steel case with valves. 


PRICE £28.0.0. 


FOUR-WAYpIELECTRONIC, MIXERP 


This unit has 4 built-in balanced and screened microphone 
transformers, normally of 50-30 ohms impedance. It has 
5 valves and selenium rectifier supplied by its own built- 
in screened power pack, consumption 20 watts. Suitable 
for recording and dubbing, or large P.A. Installations 








Telephones : LIB 2814 and 6242-3 





since it will drive up to six of our 50 watts amplifiers 
whose base dimensions it matches. The standard model has an output Impedance of 
20,000 ohms or less, and any impedance can be supplied to order. PRICE £24.0.0, 


OTHER MODELS IN OUR RANGE OF AMPLIFIERS 


“ SUPER-FIFTY WATT” ------- PRICE 36} gns. 
mit. » 30}gns. 
“10-15 WATT RECORD REPRODUCER” ,, 25} gns. 


These are fitted in well ventilated steel cases with recessed 
controls, as illustrated 


Full details upon request 
EXPORT ENQUIRIES INVITED 


VORTEXION LIMITED, 257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19. 


Telegrams : ‘‘ Vortexion Wimble, London ”’ 
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FOR TRIMMER CONDENSERS 


and all radio components 
FREQUENTITE — FARADEX — TEMPRADEX 


STEATITE & PORCELAIN PRODUCTS LTD. ® 


Stourport on Severn, Worcestershire Telephone: Stourport III Telegrams: Steatain, Stourport 
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An achievement 


of some magnitude in 
diminutives 









































The new 


Germanium Crystal 
Rectifiers 


Designed for soldering 
into circuits 


1. Provides a high frequency 
requiring no heating power. 

2. Very small in physical size. 

3. Of low forward and high reverse 
impedance. 

4. Extremely low shunt capacitance — 
only 1PF. 

5. So constructed as to give a unit of high 
stability and consistency. 

6. Outstanding in its property to resist 
severe mechanical shock or vibration. 

7. Indefinitely long life. 


Diode 








§.€.C. GERMANIUM CRYSTAL 
(MUCH ENLARGED) 
POINT OF CONTACT GERMANIUM CRYSTAL 
(CEMENTED) 





TWO COLOURS 


RED END 


<——__—— $ INCH APPROX——————>- 
(12-7 M/m) 








The General Electric Company Ltd. welcomes, 
and will give sympathetic consideration to 
enquiries to meet specialised requirements and 
specific circuit applications. Write and ask 
for particulars of types available to Osram 
Valve and Electronics Dept., Magnet House, 
Kingsway, London, W.C.2. 











THE 


GENERAL ELECTRIC CO. LTD., 





MAGNET HOUSE, KINGSWAY, W.C.2. 
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For 


—— VALVES BELadaLle 
PURPOSES 











27M2 Nine Stage 
Photo-Electric Multiplier 


The Mazda 27M2 is a high vacuum photo-cell with high 
response in the visible region. The photo-electric current 
produced at the cathode is multiplied many times by 
secondary emission occurring at successive cathodes within 
the valve. 

It is capable of multiplying very small currents produced 
under weak illumination by an average value of 250,000 
times, when operated at 80 volts per stage. When operated 
at an overall voltage of 600 volts, i.e., 60 volts per stage, 
followed by a single stage D.C. amplifier, it is suitable for 
the amplification of changes in cathode current greater 
than 10-!4 amperes. 

The resultant output current is a linear function of the 
exciting illumination, under normal operating conditions. 
Since secondary emission occurs simultaneously, the 
frequency response is flat up to the frequencies at which 
transit time becomes a limiting factor. 

Because of its sensitivity, low noise level, low dark current 
and freedom from distortion, the 27M2 may be used for 
light-operated relays, for film scanning, facsimile trans- 
mission, in scientific research involving low light levels, 
and in many applications where its small size is an advantage. 


NOTE.—The 27M2 is similar to the 27M1 except for the wider tolerances 
on the anode dark current which necessitates a lower anode supply voltage, 
with a resulting reduction in the current amplification to approximately 
one quarter of that ob.ainable from the 27M1 


PRICE £12.0.0 (provisional) 





TYPICAL OPERATION DIMENSIONS 
Overall Voltage a 800 v. Max. Overall Length(mm) 94.0 
*Sensitivity .. 2 A/lumen » Bulb Diameter(mm) 28.5 


Spectral Range 3, 300—6, 500 ». Base Diameter (mm) 33.4 


*The sensitivity is on the basis of a 
lamp colour temperature of 2700°K Light Contre from Seat OD Le. 4 


and a light spot area of 3mm. 
15mm. The tube is adjusted to a 
position of maximum sensitivity. 


It is recommended that the bleeder current in the potentio- 
meter providing the secondary cathode voltages should be 
of the order of 10 times the maximum working current 
output of the tube. 


[EIDISWANN 
MAZDA 
RADIO VALVES AND CATHODE RAY TUBES 


THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING GROSS ROAD, LONDON, W.C.2 


RA.I8I 
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tailor-made 


flexible cables 
for electronic 
equipment 


If you need special multi-unit low-loss 
cables for electronic equipment—let us design 
and manufacture them to your requirements. 
They may include coaxial, twin, quad and small 
power or control cores in any combination. 


BICC can offer you specialised pro- 
duction facilities for this work, as well as the 
services of skilled engineers who have tailor- 
made low-loss cables for all current requirements. 


Why not take advantage of this oppor- 
tunity? Write to-day and let us assist you 
with your problems. 


Cables on right are examples which 
have been designed and manufactured by BICC 
to meet specialised needs. 





Polythene-insulated 
P.V.C. sheathed multi- 
core cable with micro- 
phone and control 
cores for film studio 
use. 


Multicore polythene- 
insulated and sheathed 
television camera 
cable. Overall dia- 
meter 0.5 inches. 


P.V.C. sheathed multi- 
core polythene-insu- 
lated flexible television 
camera cable. Overall 
diameter 0.8 inches. 


Lm -umet 
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Wg LOW-LOSS CABLES 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 
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THE INSTRUMENT | 
MANUFACTURER 


Illustrated here are three standard 73 
types, but S.E.I. Photo-cells can be [ie ’ : ] o y ( 
supplied mounted or unmounted in al ‘ iF a : in 
other sizes to meet special individual wal ' “fd - 
specifications, .\ ¥ _— fe 


Make sure you always use S.E.I, » ' ‘ " ) 
Photo-ceils ay J = - , : 


SALFORD ELECTRICAL INSTRUMENTS LID. st 


PEEL WORKS . SILK STREET . SALFORD3 - LANCS . ENGLAND 
A subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 











50 





Electronic Engineering 


EDITORIAL, ADVERTISING AND PUBLISHING OFFICES, 28, ESSEX STREET, STRAND, W.C.2. 


TELEPHONE CENTRAL 6565 (10 LINES) 


MANAGING.EDITOR: H. G, FOSTER, M.Sc., M.1.E.E. TELEGRAMS : LECTRONING, ESTRAND, LONDON 


Monthly (published last Friday of preceding month) 2/- net. 
Subscription,Rate : (Home or abroad) Post Paid 12 months 26/-, or $ 3.75 (U.S.). 





Vol. 22. No. 269. 


An Echo-Free Room .... wea =a re Ses oe 
The Single Side-Band System of Radio Com- 

munication _... ae pe Baia oe ee, ae 
By H. D. B. Kirby, M. A. 

Microwave Lenses—Part IV ... ae isk 0 aa 
By J. Brown, M.A. and S.S.D. Jones, M.A. 

‘‘ Autoselector’’ Automatic Tuning Mechanism 268 


Noise in Variable Resistors and Potentiometers 269 
By Francis Oakes 


Results on a Midlands “‘ Televisor ”’ bas oe | aaa 

The Solovox sae sae se en sve eee 
By Alan Douglas 

The Cable Transformer reat 279 


“By. F. J. Charman 


CONTENTS Suly, 1950 


A Method for the Measurement of Capaci- 
tance and Resistance ee Sie nis 
By G. T. Baker, M.Sc. 


Time Base Expansion and Compression Circuits 284 
By D. M. MacKay, B.Sc. 


The Videograph re ... 285 

An Improved Insulation Resistance Bridge o> ae 
By A. F. Boff, B.Sc. 

A Sawtooth Generator for Oscilloscopes -. =.290 

Notes from the Industry _... nr ae sie. ae 

Electronic Equipment a Ke ea sic, ae 

Book Reviews... a sey ie Re .. 294 





Television Aerials 


i ONSIDERABLE uncertainty has existed for some 
time past as to the rights of landlords and tenants 
in the matter of erection of outdoor television aerials, 
and this uncertainty has been increased by recent 
action on the part of several local councils in banning 
aerials from their housing estates. 

The reasons behind these restrictions do not appear 
to have been based on very sound argument, and more 
than welcome, therefore, is the publication this month 
of the booklet ‘‘Television Aerials—Outdoor or In- 
door?” issued jointly by the Radio and Electronic 
Component Manufacturers and the British Radio 
Equipment Manufacturers’ Association. 

This admirably prepared booklet is intended ‘‘pri- 
marily for the benefit of municipal authorities and 
other property owners whose judgement their tenants 
may have to accept for the choice of television aerial 
they may employ’’. 

Apart from architectural objections, the technical 
arguments are put forward mainly on the grounds of 
risk of damage to property—usually the chimney 
stack—and the increased hazards of lightning. The 
booklet states, however, that television aerials are 
made by reputable manufacturers who have gained 
sufficient experience to prove that the erection of an 
outdoor aerial can actually strengthen the chimney 
stack and that the increased lightning danger is 
negligible. 

The booklet goes on to show that, assuming that 
the restrictions on the erection of outdoor aerials can 
now be removed, there are still a number of factors 
to be considered in the selection of the most suitable 
type, and that the choice of the familiar ““H”’ type in 
strong signal areas can be (and often is) based on 
sounder reasons than mere ‘“‘snob’’ value. 

If television is to be as much a part of our everyday 
life as the broadcast service, it is, perhaps, not 


inappropriate to consider the possibilities of supply- 
ing that service by other than the existing methods. 

One possible method is, of course, by the use of 
microwaves, which has the advantage of requiring 
smaller receiving aerials, but adequate coverage, par- 
ticularly in a built-up area, would be problematical; 
reflexion troubles from buildings would be increased 
and interference might not necessarily be reduced. 

The alternative is perhaps the relaying of television 
by means of cable, and this method raises a number 
of interesting possibilities. 

There is only a single programme at the moment, 
a second programme is not due for several years to 
come and the prospects of alternative or commercial 
transmissions are so remote as to be ignored. The 
viewer, therefore, is compelled by the very natureof 
things to be restricted in his choice of programme 
and he cannot roam the ether in search of other. pro- 
grammes. ‘Since we are to be tied to a single source of 
programme, it might not seem so far fetched as it 
first appears to relay television (and radio) pro- 
grammes by cable. It might, at the same time, 
remove the bugbear of direct reception—namely, 
interference, particularly from motor cars. Nor need 
the cost be excessive if carried out on a large enough 
scale. 

No one can pretend that the sight of all these aerials 
perched on our roofs is anything but an eyesore, as 
a train journey through our suburbs will demonstrate. 

When we have reached that particular aspect of our 
all-electric all-atomic energy era in which all our 
electricity, radio, telephone and television services 
(and gas, too, if still required) are piped into our 
homes by a single coaxial cable, aerials should be as 
much an anachronism as the chimneys to which they 
are attached. 
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AN ECHO-FREE ROOM 


at G.E.C. Research Laboratories, Wembley 





1.—Measuring the arc- 
noise from a G.E.C. 
150 ampere double- 
negative high intensity 
studio arc lamp 


2.—_Measuring the 
overall audio fidelity 
of a G.E.C. television 
receiver. This illustra- 
tion shows the sound 
transparent floor 
particularly well 





3.— Outside wall of the 
room, showing tke 
construction of the 
door hinges which 
allow initial parallel 
motion of the door. 
The handle below the 
hinges is used for rota. 
ting the turntable 
within the room 





4.—Side view of partly- 
open door, showing 
how the “ Fibreglass ”’ 
wedges are held in 
position in a wire mesh 
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The Single-Sideband System of Radio-Communication 


By H. D. B. KIRBY, M.A. 
(Late of Standard Telephones & Cables, Ltd., London) 


T HIS article describes the single-sideband system 
of communication and shows the advantages it 
possesses over the normal double-sideband method 
of operating a radio link. 

The method was invented by J. R. Carson and 
used for several years for wire transmission before 
it was applied to radio. It was used on the first 
transatlantic telephone circuit, which operated on 
long waves, and in 1930-31 tests carried out between 
Paris and Madrid, and Madrid and Buenos Aires 
showed that it could be applied with equal success 
to short waves. Five years later a single-sideband 
short wave circuit was opened between London and 
New York. Now a large number of point-to-point 
radiotelephone links throughout the world are being 
changed over from D.s.B. to S.S.B. operation and the 
use of the system for the long-distance ship-shore 
services has commenced with the installation of 
S.S.B. equipment in the Cunard White Star liner 
** Caronia.”’ 


What is S.S.B.? 


In order to appreciate what the single-sideband 
system involves it is necessary to consider first what 
happens when a speech wave is used to modulate a 
radio-frequency carrier. To take a simple example 
let us suppose that at some particular time the 
speech wave consists of a 1,000 c/s. sine wave, to- 
gether with its second harmonic (2,000 c/s.) at half 
the amplitude. Two cycles of such a wave are 
shown in Fig. 1 (a, b and c). If this is used to 
modulate a carrier of 10 ke/s. (d) by the ordinary 
method of amplitude modulation the waveform 
shown at (e) is produced. Without going into 
mathematics it is possible to state that this wave- 
form may be analysed into the following sine waves : 
8 ke/s., 9 ke/s., 10 ke/s., 11 ke/s. and 12 ke/s. 
The first two are known as the lower sideband, the 
third as the carrier and the last two as the upper 
sideband. The amplitudes of the components of the 
sidebands are proportional to the components of the 
original modulating signal, so that in this case the 
8 kc/s. sine wave which corresponds to the original 
2,000 c/s. has half the amplitude of the 9 ke/s. 
which corresponds to the original 1,000 c/s. 
Similarly, the 12 ke/s. has half the amplitude of the 
11 ke/s. When this wave is demodulated in the 
ordinary receiver a large number of frequencies are 
produced, among thei the original 2,000 c/s. and 
1,000 c/s. 

It will be appreciated that the carrier frequency, 
amplitude and phase remain the same whatever the 
modulation and that it therefore plays no part in 
conveying intelligence. It is, however, necessary 
for the ordinary process of demodulation. If the 
10 ke/s. carrier is removed from the waveform 
shown at (e), the wave shown at (f) is produced. 
If this is applied to a square-law detector the audio- 
frequencies which are produced will be twice those 
in the original signal. If it is demodulated by the 
addition of a locally generated carrier it is necessary 


for this carrier to be not only exactly the same fre- 
quency as the original but also the same phase. 
This type of signal, therefore, though very much 
more easily produced than the single sideband sig- 
nal is of little use for communication. 

However, since there are two sidebands present 
in the waveform shown at (f) the information is in 
effect being sent twice, and it is therefore possible 
to remove one of the sidebands. This will give a 
waveform as shown at (g). This can be demodulated 
by mixing with a locally generated carrier which 
must be very nearly the same frequency as the 
original carrier, but need not be in phase with it. 
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Waveforms : (a) 1,000-c/s note. (b) Second harmonic ofa. (c) Com- 

bination of a and b. (d) 10-kc/s carrier. (e) Double-sided signal. 

(f) Double-sideband signal with carrier suppressed. (g) Single- 
sideband signal 


Advantages 


The advantages of using the s.s.B. system may be 
summarized as follows: 


(1) Improved signal-to-noise ratio at the receiver 
for a given transmitter power. 


(2) Less bandwidth occupied per channel. 


(3) Freedom from the distortion normally caused 
by selective fading and multi-path propagation. 


One reason for the improved signal-noise ratio 
follows from the explanation of the nature of the 
s.s.B. signal. It can be shown that if a double- 
sideband transmitter is fully modulated by a sine 
wave signal the peak amplitude of the output is 
twice that of the, unmodulated carrier. The maxi- 
mum voltage of each sideband is therefore one- 
quarter of the peak amplitude of the output wave. 
If single-sideband operation is used on a similar 
transmitter, since the limit of output is normally the 
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peak emission of the power amplifier valve, the 
maximum value of the sideband is the same as that 
of the total output, or four times that of each side- 
band in the double-sideband transmission. At the 
receiver both the sidebands of the double-sideband 
transmission contribute to the output of the de- 
modulator, so that the voltage output from the 
single-sideband receiver is twice that from _ the 
double-sideband receiver. The power output from 
the receiver is therefore four times as great, which 
is equivalent to an improvement of signal-to-noise 
ratio of approximately 6 db. 

The second advantage of the  single-sideband 
method of transmission (less bandwidth occupied 
per channel) also follows from the preceding discus- 
sion. In our example the double-sideband trans- 
mitter generated frequencies between 8 and 12 ke/s., 
whereas the single-sideband transmitter generated 
only 8 and 9 ke/s. or 11 and 12 ke/s. There will 
be similar results, whatever the modulating fre- 
quencies so that less space in the radio frequency 
spectrum is occupied by a s.s.B. transmission. In 
these days when the utmost economy in the use of 
frequency space is essential, this is a very impor- 
tant advantage. Apart from pulse code modulation, 
the practical use of which may be some years away, 
the single-sideband system is more economical of 
bandwidth than any other. 

Arising out of this reduction in bandwidth, there 
is also a further possible gain in signal-to-noise ratio 
at the receiver. Since a smaller band of frequencies 
is being transmitted it is possible to use filter circuits 
in the r.F. and 1.¥. stages of the receiver which have 
a narrower pass-band than that used in a D.S.B. 
receiver. As a result the random noise picked up 
with the signal is reduced in proportion, since this 
noise may be assumed to be distributed evenly 
through the frequency spectrum. Thus, if the pass- 
band of the 1.F. transformers of a receiver be halved 
the random noise energy passed to the audio-stages 
will also be halved. 

Thus the signal energy is quadrupled and the noise 
energy is halved, resulting in a total improvement in 
the signal-to-noise ratio of eight times or 9 db. 

These figures assume sine-wave modulation, where- 
as the normal signal will be a complex wave. How- 
ever, the actual operation of commercial s.s.B. cir- 
cuits has shown substantial agreement between the 
figures obtained in practice and those predicted by 
theory. Comparative tests on long-distance circujts 
also show a considerable improvement in quality 
with the s.s.B. system, which is due to the absence 
of selective fading effects. The reason for this can 
be understood from a consideration of the causes of 
selective fading. Fig. 2 shows a transmitting Station 
A and a receiving Station B outside ground-wave 
range. Signals from A are therefore received at B 
after one or more reflexions from the ionosphere. 
In general the various possible paths between the 
stations will be of different length and consequently 
the signals received there will not necessarily be in 
phase with each other. When the signals arrive out 
of phase they tend to cancel each other and cause 
the effect generally known as fading. This in itself 
may not necessarily be very important, since changes 
of level at the receiver can be overcome by auto- 
matic gain control systems. Such systems can, 
however, be effective only when the carrier and 
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sidebands retain their original relative strengths. 
Unfortunately, since the bending effect of the 
ionosphere is dependent on frequency the different 
components of the transmitted wave will come back 
to the earth at different angles. For instance, it is 
possible that at some particular moment the fre- 
quencies in the lower sideband might follow the 
path indicated by the full lines in Fig. 2 and the 
upper sideband might follow the broken lines. In 
this case the lower sideband reaches the receiver 
after two reflexions and the upper sideband after 
one reflexion. Now the audio frequency output of 
a demodulator to which a D.s.B. signal is applied 
is made up of two parts for each audio frequency : 
one produced by the upper sideband beating with 
the carrier and the other produced by the lower side- 
band beating with the carrier. And it is one of the 
requirements for distortionless transmission that the 
phase-shift between the carrier and each frequency 
in one sideband should be equal to the phase-shift 
between the carrier and the corresponding frequency 
in the other sideband. This requirement is normally 





Fig. 2. 
Multi-path propagation 


fulfilled, but when the two sidebands arrive by 
different paths the phase-shift will no longer be pro- 
portional to frequency, and the relative phase 
between the audio outputs contributed by each side- 
band will vary with the audio frequency. 

In the single-sideband system on the other hand 
the second component for each frequency is missing 
in the detector output, so that this form of delay 
distortion cannot occur. 

Another form of selective fading caused by multi- 
path propagation occurs when the carrier fades out 
and leaves most of the two sidebands at their normal 
amplitude. This causes the detector vutput to con- 
sist largely of second harmonics of the components 
of the original signal wave caused by the beating of 
one set of sidebands against the other. This form of 
distortion again cannot occur in §.S.B. systems, since 
only one sideband is present and the carrier is either 
locally generated at the receiver or else is amplified 
separately and recombined with the sideband fre- 
quencies in the demodulator. 

hen non-linear distortion is severe in a D.s.B. 
system intelligibility will be very low, and especially 
if a privacy system is in use the circuit may be un- 
workable. Freedom from this type of distortion is 
one of the chief reasons why s.s.B. working is pre- 
ferred for long-distance radiotelephone circuits. 


Transmission 


_ There are a number of possible ways in which the 
single-sideband signal can be produced, but we do 
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not yet know how to produce it directly. Instead 
it is necessary to produce a D.s.B. signal and then 
remove the unwanted components. 

Removing the carrier is comparatively simple since 
the familiar balanced modulator can be used. The 
circuit of such a modulator is shown in Fig. 3. The 
carrier is applied to the grids of the two valves in 

parallel and the signal is applied in push-pull. A 
a ansformer with a centre-tapped primary is used in 
the anode circuit and it can be seen that the carrier 
will be balanced in the two halves of this winding 
and therefore will not appear at the secondary. The 
two sidebands on the other hand will add in this 
transformer and produce a waveform similar to that 
shown in Fig. 1G) 
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SIGNAL OUTPUT 
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Fig. 3. 
Simplified schematic of balanced modulator 


It is possible to arrange similar circuits so that 
one sideband is cancelled out, but it is difficult to 
make the balance hold over the audio range required. 
A more satisfactory way in the present state of the 
art is to use crystal filters to suppress the unwanted 
sideband. In the example shown in Fig. 1 it would 
be comparatively easy to design a suitable filter 
since, assuming that the lower sideband is to be sup- 
pressed, the filter is only required to pass frequencies 
of 11 ke/s. and 12 ke/s., and to suppress fre- 
quencies of 8 ke/s. and 9 ke/s. Thus it is not 
necessary for the characteristics of the filter to have 
particularly steep sides. If, however, it is desired 
to» pass a band of frequencies extending down to 
100 c/s. on a carrier of 10 Mc/s., the filter will have 
to discriminate between frequencies of 9.9999 Mc/s. 
and 10.0001 Mc/s. It can be seen that the design 
of such a filter presents much greater difficulty. 
Therefore, when high-frequency carriers are used it 
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is necessary to use a slightly more complicated cir- 
cuit arrangement in order to simplify the design of 
the filters. 

The block diagram of a simple single- — 
single-sideband transmitter, shown in Fig. 4, illus- 
trates the method normally adopted. It can be seen 
that the single-sideband signal is produced at a com- 
paratively low frequency and is then converted to 
the higher frequency required for radiation. 

The line amplifier and volume indicator is pro- 
vided to enable the audio input to the first modu- 
lator to be set to the correct level. This modulator 
is of the balanced type shown in Fig. 8, the audjo- 
signal being applied to the grids of the two valves 
in push-pull and the output of a 100 ke/s. oscillator 
in parallel. The output of this modulator therefore 
consists of two sidebands, the upper being 100 kc/s. 
plus the band of audio frequencies and the lower 
being 100 ke/s. minus the audio frequencies. Kither 
one of these is selected as required by means of the 
crystal filters, one of which is designed to pass a 
band of frequencies 100.2-106 ke/s. and the other 
94-99.8 ke/s. 

As will be seen in connexion with the receiver, it is 
convenient to have a small residual carrier in the 
received signal. As the 100 ke/s. component is 
almost completely suppressed in the balanced modu- 
lator, it is reintroduced at the required level after 
the filters. 

The signal is then mixed with the output of a 
3 Mc/s. oscillator in the second modulator which is 
again of the balanced type. Two sidebands are pro- 
duced in the output of this modulator, one compris- 
ing a band of frequencies in the region of 3.1 Mc/s., 
the other in the region of 2.9 Mc/s. These two 
bands are sufficiently widely separated for the 2.9 
Mc/s. band to be suppressed by means of ordinary 
tuned circuits. 

The 3.1 Mc/s. signal after amplification is mixed 
with the output of a variable r.F. oscillator to pro- 
duce the required operating frequency. When the 
operating frequency is below 10 Mc/s. it is normal 
practice to make the oscillator frequency 3.1 Mc/s. 
above the operating frequency; when it is above 10 
Mc/s. the oscillator frequency is 3.1 Me/s. below 
the operating frequency. 

Thus if the upper sideband is being used an audio 
signal of 1,000 c/s. is first translated to 101 ke/s. 
and then to 3.101 Mc/s. If the final carrier fre- 
quency is 5 Mc/s., this is then converted to 4.999 
Mc/s.; if the final carrier frequency is 15 Mc/s., it 
is converted to 15.001 Mc/s. 
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The output of the third modulator (or frequency 
translator) valve comprises the required single- 
sideband signal, but its power at this point is in- 
sufficient for radiation. Since the signal is modu- 
lated, linear amplifiers have to be used to increase 
the power to that required for feeding the aerial. 
To ensure good linearity negative feedback is used 
between the output stage and the frequency 
translator. 


Reception 


The chief problem in a single-sideband receiver is 
the provision of a suitable carrier to demodulate the 
received signal. The frequency of this carrier must 
be within 10-15 cycles of the carrier which was sup- 
pressed at the transmitter. Naturally the higher 
the operating frequency the more difficult it is to 
keep down the frequency difference between the two 
carriers, and at the normal frequencies used it is not 
practical to maintain two independent oscillators 
within these limits. At 1 Mc/s., for instance, the 
frequency of a crystal oscillator may vary by as 
much as + 10 c/s. There is thus a possible varia- 
tion of 20 c/s. between two similar oscillators even 
at this frequency. In addition the grinding accuracy 
of a crystal is not usually better than 100 c/s. It is 
therefore normal practice to transmit a pilot carrier 
at a very low level, to amplify this separately at 
the receiver and use it either as the demodulating 
carrier (re-constituted carrier) or to control the fre- 
quency of a local oscillator (locally-generated 
carrier). 

The block diagram of a simple s.s.B. receiver is 
shown in Fig. 5. The signal is first amplified at 
radio frequency and then mixed with the output of 
a tunable oscillator, whose frequency differs by 3.1 
Mc/s. from that of the received signal. For fre- 
quencies below 10 Mc/s. it is tuned above the in- 
coming signal, and for frequencies above 10 Mc/s. 
below the incoming signal. In this way the correct 
relationship between the audio frequencies is main- 
tained. 

The output from the first frequency-changer is 
amplified at 3.1 Mc/s. and then mixed with the out- 
put of a 3 Mc/s. oscillator. The 100 ke/s. modula- 
tion product is selected and after amplification is 
applied to a crystal filter which passes either the 
band 94-99.8 kc/s. or the band 100.2-106 kc/s. 
The output from the filter after amplification is 
mixed with the output of a 100 kc/s. oscillator so 
that the original audio frequencies are produced. 
To ensure that these audio frequencies are the same 
as those transmitted, it is necessary that the fre- 
quency difference between the outputs of the filter 
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and the 100 ke/s. oscillator shall be the same as 
that between the carrier and the sideband in the 
transmitted signal. To achieve this the output of 
the 100 kc/s. amplifier is passed to a narrow crystal 
filter which is peaked at 100 kc/s., so that it selects 
the carrier which was transmitted at a low level. 
After amplification the frequency of this reconsti- 
tuted carrier is compared with that of the 100 kc/s. 
oscillator. Any difference between these frequencies 
preduces a voltage which is used to vary the fre- 
quency of the 8 Mc/s. oscillator until this voltage 
is reduced substantially to zero. Various methods 
of automatic frequency control are used involving 
either reactance tubes or motor-driven trimmers. 
The latter are usually preferred. 

Since the carrier is transmitted at a constant level, 
whereas the sidebands are continually varying, the 
former is used for the production of the automatic 
gain control voltage. 

Under certain conditions good results may be 
obtained by using the output of the carrier filter 
and amplifier instead of the locally-generated 100 
ke/s. wave to demodulate the signal. 


Examples of Equipment 


The simple equipments so far described have been 
designed for single-channel working, but it is clearly 
economical to use the two sidebands independently 
for the transmission of intelligence. Consequently 
most practical transmitters and _ receivers are 
designed for double-channel working. 

A number of transmitters and receivers for s.s.B. 
operation have been developed and manufactured by 
Standard Telephones & Cables during the last few 
years. The transmitters have output powers rang- 
ing from 300 watts to 40 kilowatts, and the receivers 
vary in complexity according to the facilities 
required. 

he simplest transmitter in the range has a circuit 
very similar to the block schematic shown in Fig. 4. 
It has a frequency range of 4-22 Mc/s. and its output 
power is 300 watts (peak envelope). It is self-contained 
and built in a single cabinet measuring 5 ft. 6 in. by 
2 ft. 8 in. by 2 ft. 1 in. and weighs approximately 
600 lb. A transmitter of this type is installed in the 
new Cunard White Star Liner “‘ Caronia.”’ 

The larger transmitters make use of a drive unit 
which contains all the circuits required to convert 
two incoming signals to two sidebands of a reduced 
amplitude 3.1 Mc/s. carrier, together with monitor- 
ing facilities for the output and important points in 
the circuit. 

A 4 kW model is built in a single assembly 
requiring front access only. An interesting feature 
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is the use of an air-blast cooled pentode output valve. 
The larger transmitter, together with its cooling 
plant is built in an enclosure, which can be entered 
through a door at the side. Two grounded-grid 
water-cooled valves are used in the final amplifier 
stage. Negative feedback is used in both models to 
give a high degree of linearity and reduction of noise 
and unwanted phase modulation. 

The receiver installed in the ‘‘.Caronia ’’ is shown 
in Fig. 6 and a more complex one for land operation 
in Fig. 7. The ‘‘ Caronia’”’ receiver is designed to 
provide the best possible facilities consistent with 
the restriction on size and weight introduced by 
ship-board operation and may be used for the recep- 
tion of one audio signal on each sideband. It is con- 
tinuously tunable over the range 4-25 Mc/s. and 
inctor-driven automatic frequency control is in- 
corporated. The first oscillator is normally crystal- 
controlled and six crystal positions are provided in 
a thermostatically-controlled oven. 

The receiver shown in Fig. 7 provides full space- 
diversity reception facilities using three separate 
aerial systems and receivers. The outputs of the 
three receivers are combined in such a way that the 
audio output is derived substantially from the 
strongest received signal. In this way the effects of 
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Fig. 6 (left). 
S.S.B. Receiver as installed in the ‘‘ Caronia ”’ 


Fig. 7 (right) 
Triple Diversity S.S.B. Receiver type RX. 


fading are very considerably reduced, since it is 
probable that at any moment a reasonable signal 
will be picked up by at least one of the aerials. 


Conélusion 


The advantages of using s.s.B. operation have been 
discussed above. The chief disadvantages are the 
increased complexity of some of the equipment 
required and the comparatively high degree of 
stability required in power supplies, oscillators, 
crystal filters and some of the components. Thus 
the receiving equipment tends to be more expensive 
than comparable D.s.B. receivers, but against this 
must be offset the possibility of using transmitters 
with lower power output. It has been found that 
these considerations, together with the extra operat- 
ing time available owing to the higher quality of 
the circuit, make the s.s.B. system not only theoreti- 
cally but also practically the most suitable method 
of operating commercial long-distance telephone 
links. No reference has been made to telegraph 
operation, but the audio-frequency signals trans- 
mitted may take any form and can therefore com- 
prise one or more voice-frequency telegraph channels. 
Satisfactory operation has been obtained with six 
telegraph channels on a single s.s.B. link. 
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Microwave Lenses 


By J. BROWN, M.A., and S. S. D. JONES, M.A.* 


Part IV 


ICROWAVE lenses are, like their optical 

counterparts, subject to a variety of defects. The 
principal defects of optical lenses, or aberrations, as 
they are usually called, may be conveniently listed 
as follows :— 


(1) Spherical aberration, 

(2) chromatic aberration, 

(3) coma, 

(4) surface reflexions. 
Similar aberrations occur with microwave lenses, but 
because of the differences between optical and micro- 
wave lenses, the most important aberrations are not 
the same in the two cases. The most important pro- 
perty of a microwave lense is generally the gain, and 
the defect which has the most influence upon this is 
the last of the above list. Surface reflexions will 
therefore be discussed in detail in the next section, 
together with another defect known as _ spillover, 
which is usually neglected in optics. 
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Fig. 27. Movement of the beam caused by moving the feed 


In optical lenses spherical aberration arises from 
the assumptions that such lenses are thin, and that the 
surfaces may be approximated by sections of spheres. 
In the calculation of microwave lens contours by the 
methods described in previous articles, however, no 
approximate assumptions have been made and so 
these lenses will be free from spherical aberration, at 
any rate so long as the lens feed is situated at the 
design focus. Movements of the feed along the axis will 
result in some aberration, which shows itself as a 
curved instead of a plane phase front in the wave 
emerging from the lens. The permissible movement of 
the feed before this aberration causes any appreciable 
deterioration of the radiation pattern is, however, 
quite large, so that the position of the feed may be 
preserved to the required degree of accuracy without 
any mechanical difficulties. In some applications of 
lenses, it is desired to move the feed off the axis in 
order to sean the radiated beam over a range of 
angles: in ines 27, for example, if the feed is moved 
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to the position F’, the radiation pattern will be such 
that the direction of the maximum will make an 
angle « with the lens axis. It follows that the direc- 
tion of the beam may be altered by moving the 
primary feed only, the lens itself remaining fixed. It 
is obviously a much simpler mechanical problem to 
move only the feed than to rotate the complete system 
to the required direction. The maximum angle 
through which the beam may be swung is limited by 
the spherical aberration, and also by the coma. The 
scanning properties of microwave lenses will be dis- 
cussed later in this article. 

The only remaining aberration is chromatic, which 
is the limitation imposed on the range of wavelengths 
over which the lens may be used. This has already 
been discussed for each of the dielectrics described in 
the previous articles and will not be considered 


further. 
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Fig. 28. Reflexion at a dielectric interface 


Surface Reflexions 


One of the most serious defects of a lens is the 
occurrence of reflected waves, caused by the discon- 
tinuities in refractive index at the surfaces. Such 
reflexions may be studied theoretically,” the simplest 
case being that occurring at the interface between 
free space and a solid dielectric as shown in Fig. 28. 
It is assumed that the interface is infinite in extent 
and that the incident wave is plane polarized. There 
will be in the dielectric a refracted wave, whose direc- 
tion is given by Snell’s Law, Equation (1), and there 
will also be a refiecled wave. This refiected wave will 
be in the same direction as if the interface were a 
perfect reflector. The power reflexion coefficient, R, 
defined as the ratio of the power reflected from any 
area of the interface to the power incident on the 
same area, may be calculated from the boundary con- 
ditions which must be satisfied at the interface. These 
conditions are that the tangential components of both 
electric and magnetic fields must be continuous across 
the interface. Two distinct cases arise: if the electric 
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vector lies in the plane of Fig. 28 the power reflexion 
coefficient is 

tan'(i — 7) 
tan*(i + 1) 
while if the electric vector is normal to the plane of 
Fig. 28 then 


R= 


sin'(i — 1) 

sin’(i + r) 
where i and r are the angles which the directions of 
the incident and refracted waves make with the 
normal to the interface. The values of these angies 
must, of course, satisfy Snell’s Law. In the limiting 
case of normal incidence, both expressions tend to 


R = (= » ge (52) 


n+1/] 
The only case when the reflexion coefficient becomes 
zero occurs when i +r = 7/2. Then tan (i + 1) be- 
comes infinite and so Ri = 0. The value of 2 for which 
this happens is known as the Brewster angle, as in 
optics. The power transmission coefficient T, defined 
similarly to the reflexion coefficient, has always the 
value 1 — R. It may also be shown that the phases 
of the incident and refracted waves are continuous at 
the interface. The results of the above paragraph 
apply only to solid dielectrics, and modifications are 
necessary before they can be applied to the various 
artificial dielectrics discussed in previous articles: 





Fig. 29. Reflexion from a strip dielectric 


Details of the modifications required will only be 
given here for the cases of strip delay dielectrics and 
metal plate dielectrics, as these are the only two which 
have as yet been studied in detail. As was shown in 
Part II, strip delay dielectrics operate only when the 
electric vector is perpendicular to the direction of the 
strips. If the strips lie as shown in Fig. 29, it is 
natural to suppose that the reflexion coefficient should 
be given by Equation (50). Such is, in fact, the case, 
provided that the wavelength used lies in the range for 
which the refractive index is constant, and that the 
direction of propagation within the dielectric is nearly 
normal to the planes of the strips. This case is the 
one which occurs most frequently in lens design, and 
other cases have not yet been investigated. 

The reflexions from the stack of metal plates which 
forms the basis of a metal-plate lens have been 
examined theoretically by Carlson and Heins.” Their 
results are very complicated except in the simplest 
cases, because of the constraint imposed by the plates 
on the direction of the refracted wave. The results 
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differ in two important respects from those for solid 
dielectrics: firstly, for values of the angle of incidence 
exceeding a certain value, a second reflected wave 
occurs. This additional reflected wave is caused by 
the edges of the plates acting as a diffraction grating. 
The overall transmission coefficient is appreciably 
reduced when this occurs. Secondly there is a storage 
field set up at the interface, the effect of which is to 
cause a phase change at the interface between the 
incident and refracted waves. This phase change 
varies from point to point over the surface of a lens 
and so causes small phase errors. Carlson and Heins 
have ignored the effect of finite plate thickness in their 
calculations: it appears that if allowance is made for 
this plate thickness, larger values of the reflexion co- 
efficient will be obtained. It is therefore important in 
practice to keep the thickness of the plates in a metal 
plate lens to the minimum acceptable from the point 
of view of mechanical strength. 

So far only one surface has been considered, whereas 
lenses have two surfaces. The effect of this upon the 
nature of the reflexions may be seen by studying the 
case of the plane sheet of Fig. 30. It will be sufficient 
to consider a plane wave incident normally on to the 
sheet, and it may be shown that the reflexion co- 
efficient for this case is 

y awd | 
R= - Se (58) 
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Fig. 30. Reflexion by a dielectric sheet 


~ 


where R has the value given in Equation (52 
d is the thickness of the sheet 


and ’ is the wavelength measured within the 
dielectric. 


The value of R’ oscillates between 0 and 4R/ (1 + RY 
as the thickness d varies, while the transmission co- 
efficient T will show corresponding oscillations be- 
tween 1 and (1 — R)’/(1 + R)’. One complete cycle 
of this oscillation occurs for each change in d of )'/ 2. 

The discussion so far given in this section has 
assumed interfaces of infinite extent and plane waves. 
The results may, however, be applied at any point 
on a lens surface provided that the curvature of the 
surface is not excessive. In a lens, the position is more 
complicated than for a simple plane sheet, but a fuller 
analysis shows that the transmission coefficient of the 
lens also oscillates from point to point as the lens 
thickness changes. The mean value at any point is 
approximately the product of the transmission co- 
efficients of the two interfaces. 
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The occurrence of reflected waves has several effects 
upon the performance of a lens. Firstly, since much 
of the reflected energy is thrown backwards, there will 
be a reduction in the amount of the power radiated in 
the forward direction and so a loss of gain. For a 
lens of refractive index 0.6, the value of R given by 
Equation (52) is 0.0625 and so the average transmis- 
sion coefficient through the lens surfaces will be 
approximately (0.9375)’, i.e., 0.88 approximately, The 
variation of the transmission coefficient ‘has been 
neglected in arriving at the above value, and it is 
found that when this variation is taken into account 
the average value over the whole surface is less than 
0.88. Even this conservative allowance of the effect 
of reflexion corresponds to a drop in gain of 0.5 db., 
which is sufficiently large to be of importance in 
many applications. 

Some of the reflected energy will be picked up by 
the primary feed, and causes a mismatch of the 
oscillator supplying the radiated power. Such a mis- 
match has an adverse effect on the oscillator, parti- 
cularly if it is a magnetron, as will often be the 
case. The amount of energy picked up in this way 
by the feed is much smaller than for a paraboloid, but 
in one respect it is more troublesome. The focal 
length of a lens is much greater than for a paraboloid 
of the same aperture size; for a given change in wave- 
length, the phase difference between the outgoing and 
reflected waves will therefore alter more for the lens 
than for the paraboloid. This means it is more diffi- 
cult to match the feed over a given range of wave- 
lengths for the lens than for the paraboloid. 

The last effect of the reflexion arises from the oscil- 
lations of the transmission coefficient caused by the 
varying lens thickness. It has been shown theoreti- 
cally that these oscillations are responsible for the 
far-out side-lobes mentioned in Parts II and III. 
Besides the alteration in the shape in the radiation 
pattern, these side-lobes represent a further loss of 
power from the main beam. 

Reflexions in optical lenses have been widely 
studied and methods of removing them have been 
developed. A widely used technique is known as 
‘*lens blooming ”’ and consists of coating the lens 
surfaces with a layer of material of suitably chosen 
refractive index and thickness. When the analogy 
between transmission lines and free space propagation 
is invoked, it is found that this coating process is 
essentially the same as inserting a quarter-wave trans- 
former to achieve a match between two transmission 
lines of different characteristic impedances. An 
application of this process to microwave lenses would 
remove all the undesirable effects of reflexion which 
have been discussed above. The way in which it may 
be done for the various types of lenses will be described 
below. 

With dielectric lenses, the process may be carried 
out directly by using two materials whose refractive 
indices satisfy the required relation that that of the 
matching layer must be the square root of that used 
for the lens proper.’ An alternative procedure is to 
machine slots of approximately a quarter-wavelength 
depth in each face of the lens; this slotted portion will 
behave similarly to the matching layer. 

The refractive index of a strip dielectric has been 
shown in Part II to depend on the strip dimensions 
and spacings, so that by altering one of these dimen- 
sions the refractive index may be adjusted to the 
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value required for the matching layer. The most 
convenient method of doing this is to increase the 
gap between the strips, while keeping the lattice 
dimensions constant. Cohn" has confirmed experi- 
mentally that a delay lens, matched in this way, pro- 
duces smaller reflexions than an unmatched lens. 
A similar technique may be used to match a rodded 
lens, the diameter of the rods being reduced in the 
matching layer. 

Metal plate lenses are more difficult to match than 
any of the above types, and so far no satisfactory 
practical solution has been obtained. One possible 
method, similar to that of slotting the surfaces of a 
dielectric lens, is to serrate the edges of the plates. 
Other possible methods make use of the analogy to 
the method of matching the junction between two 
transmission lines by a suitably positioned reactance. 
Ways of obtaining this reactance are to insert irises 
within the plates, as is done in wave guides, to place 
wires of suitable diameter parallel to the edge of each 
plate, or to insert dielectric blocks or wedges within 
the plates. One solution, which is attractive mechani- 
cally, is to use the spacing rods, which are required 
to maintain the necessary distance between the plates, 
as the reactance. 

It is thus theoretically possible to match any of the 
types of lenses discussed in previous articles, but 
doing so considerably complicates the design and con- 
struction of the lenses. In certain cases it may be 
sufficient to avoid only one of the effects of reflexion. 






F=POSITION OF FEED 
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Fig. 31. Reduction of mismatch of feed : first method 


Frequently, the second effect of those discussed above, 
i.e., the mismatch of the source caused by the re- 
flected energy picked up by the feed, is the most 
objectionable and fortunately it is the one which can 
be most readily diminished.’ There are two simple 
ways of doing this. Firstly the feed may be situated 
slightly off the axis of the lens as shown in Fig. 31, 
so that the reflected waves are focused at a point 
different from the position of the primary feed. 
Secondly, one half of the lens may be displaced a 
quarter-wavelength relative to the other as shown in 
Fig. 32. This displacement will have a negligible 
effect on the shape of the radiated beam, but will 
cause the reflexion from the two halves of the lens 
to be exactly out of phase at the primary feed and so 
to cancel each other out. In neither of these two 
methods is there any reduction in the total amount 
of energy reflected by the lens: the object of the 
methods is to redistribute the reflected energy in the 
least objectionable way. 

It is always simpler to match a plane surface than 
a curved one and this may be done for the types of 
lenses which have one plane face. Matching one 
surface will reduce the total amount of energy which 
is reflected, thus increasing the gain of the lens 
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system, It will also remove the oscillation in the 
transmission coefficient across the outer surface of 
the lens, since there are no longer two reflected waves 
which may interfere with each other. The far out- 
side lobes in the radiation pattern, which are caused 
by the presence of such an oscillation, will therefore 
be removed. 

Ideally, all the energy radiated by the primary 
feed is focused by the lens, but in practice some of 
the energy will propagate round the edges of the lens. 
The energy lost in this way is known as spillover. 





+ a> 








Fig. 32. Reductionjof mismatch of feed: second method 


It represents a loss in the gain of the lens and will 
also cause a slight increase in the far-out side-lobe 
level. This spillover may be reduced by making the 
primary feed more directive, but if this process is 
carried too far, the primary feed will become so direc- 
tive that only a portion of the lens will be illuminated. 
Some compromise must therefore be found, and the 
most satisfactory one in practice is to make the direc- 
tivity of the feed such that the amplitude distribution 
across the outer face of the lens is so tapered that 
it is 10 db. lower at the edges than at the centre of 
the lens. With such a tapered distribution, the spill- 
over loss will not be excessive and the level of the 
largest side-lobe in the radiation pattern will not 
exceed about 22 db. below the level of the main beam. 
Spillover loss may be avoided altogether if the lens 
is inserted at the mouth of an electro-magnetic horn, 
whose aperture size must, of course, be the same as 
that of the lens. When this is done it follows, from 
the properties of horns, that the distribution across 
the outer face of the lens will be uniform in the direc- 
tion of the electric vector and tapered in the direction 
of the magnetic vector. A system of this type is 
known as a lens-corrected horn and is superior to an 
ordinary horn in that larger flare angles are possible, 
thus reducing the total length of the system. Lens- 
corrected horns have effective radiating apertures of 
about 80 per cent. of their physical apertures’ and are 
among the most efficient aerial systems at present 
available. 


Wide-angle Scanning 


This section will commence with a discussion of the 
aberrations arising when the feed of a plano-concave 
metal plate cylindrical lens is moved off the axis. 
Only the type of lens in which the waves within the 
lens are constrained by the plates to travel parallel 
to the axis will be considered for the moment. This 
type has been selected as the calculations involved in 
finding the aberrations are much simpler than for any 
of the other types. Suppose then that the feed is 
moved to the position F’ as shown in Fig. 33. The 
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phase difference ® degrees between any point P on 
the outer surface of the lens and the central point O’ 
is given by the expression 

? =360[ } (fost —z)*+ (a —fsinay’$$+nz—f]/d (54) 
where x, z are related by the equation for the lens 
contour, Equation (32). 

The expression on the right-hand side of Equation 
(54) may be expanded in powers of x giving 

Pes —360[xsine+ =, =2 Anx"] i! Re es dea detec (55) 
where the coefficients An may be determined from 
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Fig. 33. Scanning aberrations of a constrained cylindrical metal 
plate lens 


Equation (54). The first term of this, i.e., 
—860 xsin* /A, is the phase distribution required to 
move the maximum of the main beam radiated by 
the lens to a direction making an angle « with the 
axis. The remaining terms are unwanted errors and 
may be separated into two sums, which involve only 
even and odd powers of x, respectively. The first of 
these sums gives the magnitude of the spherical aber- 
ration, while the second gives the magnitude of the 
coma. Spherical aberration causes a reduction in the 
gain of the lens, an increase in the beam-width of the 
radiation pattern and an increase in the size of the 
side-lobes relative to the main beam. The coma term 
is asymmetric, i.e., the value for a negative value of 
x is equal in magnitude but opposite in sign to that 
for the corresponding position value of x, and it will 
therefore cause the radiation pattern to be un- 
symmetrical about the direction of the maximum. 

The magnitude of both errors increases as the angle 
is increased and will eventually become so large that 
the radiation pattern will no longer be acceptable. In 
other words, the spherical aberration and coma place 
a limit on the maximum value of the angle 4, which 
the beam may be moved off axis. As a reasonably 
accurate guide, it may be said that the errors at the 
edge of the lens must be less than 60° for the spherical 
aberration and 90° for the coma term. If the primary 
feed is moved on the arc of a circle of radius equal 
to the focal length and centre the point O in Fig. 33, 
the spherical aberration will reach its maximum per- 
mitted value before the coma term. It may be shown 
that the maximum value of « depends on the focal 
number F of the lens and the refractive index, 
typical values for a lens of the type so far discussed 
being 15° for F = 1.5 and n = 0.6. For a given value 
of n, the maximum angle of scan will increase as the 
focal number increases. The nature of the radiation 
pattern at the maximum value of ¢ is shown in Fig. 34, 
for the 8-ft. metal-plate lens discussed in Part III. 

In view of the advantages to be gained in moving 
only the feed to scan the radiated beam, it is of 
importance to obtain the design of a lens which will 
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Fig. 34. Radiation pattern when the feed is moved off axis 


produce the maximum scanning angle. As was 
pointed out in the previous paragraph, the scanning 
angle is limited by the spherical aberration when the 
feed moves on the circular arc. It is possible to reduce 
the spherical aberration by moving the feed along 
the line FO, i.e., by refocusing the lens. In the parti- 
cular case so far discussed, the scanning angle may 
be slightly increased in this way. Although the dis- 
cussion so far has been limited to the constrained type 
of cylindrical metal plate lens, it may be shown that 
other types of cylindrical lens have similar scanning 
properties. The maximum aberrations in spherical 
lenses occur at the corners, and so the maximum scan- 
ning angle is in general less than for the correspond- 
ing cylindrical lens of the same F number. 

The second way in which the scanning properties 
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Fig. 35. Design of a dielectric lens with optimum scanning properties 


of a lens may be improved is to redesign the lens con- 
tour, allowing both surfaces to be curved. This prob- 
lem has been tackled by Friedlander® for a dielectric 
lens, by making use of a theorem in optics, known as 
the Abbé sine principle. This states that the lens 
contour, with the best scanning properties, is such 
that the ray paths from the focus to the back sur- 
face will intersect the ray paths emerging from the 
front surface on a circle centre the focus and radius 
the focal length, as shown in Fig. 35. The calcula- 
tion of the lens profile, which will satisfy the sine 
principle, is very complicated and involves the 
numerical integration of a_ differential equation. 
Friedlander has shown, however, that if the refractive 
index of the lens is approximately 1.6, a plano-convex 
lens, which has its plane surface on the same side as 
the feed, is a sufficiently good approximation to the 
ideal solution. 
(To be continued) 


References 


*1 J. Stratton, : “ Electromagnetic Theory,” McGraw-Hill Book Company, 
1941, p. 490. 

#2 J. F. Carlson and A. E. Heins: “ The Reflexion of an E.M. Plane Wave 
by an Infinite Set of Plates,” Quart. Applied Math., 4, p. 313, Jan., 1947. 

*s F.G. Friedlander: * A Dielectric Lens for Wide-Angle Beam Scanning,” 
J.I.E.E., Vol. 93, Part I1I A, No 4, 1946, p 658 





“ Autoselector’” Automatic 
Tuning Mechanism 


HE Equipment Division of Mullard Electronic 
Products, Limited, Century House, Shaftesbury 
Avenue, London, W.C.2, has secured from Messrs. 
Philips Telecommunications Industries the U.K. sales, 
design and manufacturing rights of a new “ Auto- 
selector ’’ automatic tuning and selecting mechanism. 
These autoseleators are used to turn shafts re- 
peatedly to pre-set positions with speed and accuracy. 
Automatic electrical remote control is employed, and 
the setting accuracy is such that the positions selected 
never differ by more than + 0.050° from those which 
have been pre-set in the mechanism. 

There are many applications of these new auto- 
selectors, both in radio engineering and in industry. 
For example, they enable the frequencies of radio 
transmitters and receivers to be _ speedily and 
accurately selected. In industry, they may be a 
valuable asset where accurate machine tool operations 
have to be repeated many times, for example, on 
lathes and on grinding and cutting machines. 

The speed of operation of autoselectors is such that, 
using small transmitters, the system reaches the 
required setting within two seconds of the operation 
of the selector switch. Using larger transmitters, the 
setting time is less than ten seconds. As a result of 
this, tuning adjustments are much more rapid than 
with manual tuning. 





Two types of autoselectors are at present available. 
These are similar in design but are of different capa- 
cities. The small type SZT.101 can transfer a maxi- 
mum torque of 2.4 lb.-in. (3 kg.-cm.) and is intended 
for small apparatus, such as aircraft radio equipment. 
It can stop a shaft in any one of 12 pre-set positions. 
The large type SZT.102 can transfer a maximum 
torque of 12 Ib.-in. (15 kg.-cm.) and is used in larger 
apparatus. This type can stop a shaft in any one 
of 11 pre-set positions, and has additional facilities 
for manual adjustment of the controlled spindle. Auto- 
selectors capable of transferring a maximum torque 
of 80 lb.-in. (100 kg.cm.) will soon become available. 
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Noise in Variable Resistors and Potentiometers 


By FRANCIS OAKES 


ARIABLE resistors and potentiometers are widely 

used in all branches of electronic engineering, for 
many different purposes and in a great number of 
circuits. But while the resistance range for normal 
applications extends from a few ohms up to several 
megohms, the majority of such variable resistors and 
potentiometers are of similar physical size and essen- 
tially the same construction. 


Apart from the wire-wound rheostats and potentio- 
meters used for special purposes, the carbon track 
potentiometer with an approximate size of ? in. to 
2 in. diameter and a load-carrying capacity of the 
order of one watt is used to cope with the majority 
of electronic applications. To use such a potentio- 
meter as a variable resistor, one of the extreme ter- 
minals is simply left disconnected. The most common 
design is characterized by a carbon track applied on 
a paper or plastic base in the form of an arc of about 


E applied voltage 
@n *n noise voltage 





Fig. |. 
Circuit for noise testing 


270-300° (sometimes more) with a metal sliding con- 
tact moving over the arc. Another design makes use 
of a “‘squash plate’’ of thin metal in the shape of part 
of a conical surface, brought into contact with the 
carbon track along one moving radial line by means 
of a movable wiper arm. A recent German design 
makes use of a small drop of mercury held in a cup 
and moved along the carbon track as a liquid contact 
of low-noise and nun-wear characteristics. 


Resistance-Rotation Characteristic 
and Rotational Noise 


Whether or not a current is passed through the 
terminations, noise voltages appear across any two 
of the three terminations, and so long as the rotor 
is stationary, the noise phenomena observed do not 
differ from those of fixed resistors. When the rotor 
is turned and the moving contact passes over the 
resistance track, additional noise is produced different 
from the stationary noise in magnitude and frequency 
distribution. The magnitude, for normal potentio- 
meters, is of the order of about one or two millivolts 
per volt applied across the extreme terminations A 
and C in a typical case such as illustrated in Fig. 1, 
and for a speed of rotation of approximately one full 
rotation per second. This magnitude chiefly depends 
on the type, design and condition of the potentio- 
meter, and also on its resistance value, the speed of 
rotation and the loading current. 


The characteristic of a variable potentiometer most 
significant with respect to its influence upon noise 


characteristics is the resistance-rotation charac- 
teristic. This characteristic depicts the percentage 
variation of resistance between the ‘‘anti-clockwise”’ 
terminal C and the moving terminal B as a function 
of percentage of clockwise total rotation. Fig. 2 
shows the resistance-rotation characteristic of a 
linear-law potentiometer, i.e., of a potentiometer 
where the voltage across B-C is proportional to the 
amount of clockwise rotation when a constant voltage 
is applied across A-C. 


For the use as a volume control or gain control, 
however, it is desirable that the voltage across B-C 
should vary approximately as an exponential function 
of the amount of clockwise rotation, therefore the 
logarithm of the resistance between the “‘anti- 
clockwise’’ terminal C and the moving contact ter- 
minal must be approximately proportional to the 
percentage rotation. This is in consequence of 
Weber-Fechner's logarithmic law of sense perception, 
according to which the intensity of sense perception 
varies as the logarithm of the amplitude of the 
stimulus. The resistance-rotation characteristic of 
such a logarithmic-law potentiometer is shown in 
Fig. 8. A significant parameter for the classification 
of potentiometers as to the nature of their resistance- 
rotation characteristic is the percentage of total 
resistance across B-C for 50 per cent rotation. For 
a linear-law potentiometer this is 50 per cent and for 
a logarithmic-law potentiometer such as shown in 
Fig. 3 it is of the order of 10 per cent. 


The gradient at any point of the resistance-rotation 
characteristic is a measure of the change of resistance 
per change of setting, and also a measure of the 
voltage gradient along the track at this particular 
point. This is of great importance for the noise 
behaviour of a potentiometer, in fact, the noise pro- 
duced at any point of the track when passed by the 
moving contact will naturally be approximately pro- 
portional to the voltage gradient at this point, 
because of the dependence of noise generation upon 
the voltage load across the resistance element. For 
example, in the case of Fig. 3, only 10 per cent of 
the voltage applied across A-B appears across the first 
50 per cent of the resistance track, whereas the 
remaining 90 per cent appears across the remaining 
half of the track. 


It follows from these considerations that the 
rotation-noise characteristic, i.e., the characteristic 
showing the distribution of noise over the rotational 
range, will be uniform for a linear-law potentiometer: 
for a non-linear potentiometer, the noise produced 
over the first half of the rotational range will be much 
smaller than for the remainder of the range. A 
rotation-noise characteristic is shown in Fig. 4 for a 
linear-law and in Fig. 5 for a logarithmic-law poten- 
tiometer. 

Such characteristics can be obtained by photo- 
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graphic recording of an oscilloscope trace. The 
potentiometer is connected with its terminals A and 
C across a source of D.c. such as a 4.5 volt battery 
and the terminals B and C to the grid and earth ter- 
minals, respectively, of a high-gain wide band ampli- 
fier. The output of the amplifier is connected to a 
cathode-ray oscilloscope. No time-base is used, and 
the trace is recorded by means of the rotary drum 
camera shown in Fig. 6. Another simpler arrange- 
ment which, however, does not permit the recording 
of long extended traces as does the rotary drum 
camera, makes use of an ordinary camera, with the 
Y-plates coupled to a wire-wound precision potentio- 
meter ganged to the spindle of the potentiometer on 
test. The arrangement is shown in Fig. 7. This 
arrangement offers the advantage of simplicity in 
operation and of an accurate co-ordination of noise 
and the area where this noise is produced. 


The long strips of photographic record obtained by 
the first method have been cut in several sections for 
ease of reproduction. The timing marks on the top 
edge of the film strip denote 1/50 sec. and have been 
obtained by means of 50 cycle a.c. on the second 
electron beam of the double beam tube used for 
recording. The most striking feature in comparing 
the two types of potentiometers is the very small 
amount of rotational noise in the lower half of the 
logarithmic-law potentiometer. This fact is not 
paey realized, but should be obvious from the 
ollowing considerations: As only about 10 per cent 
of the voltage is dropped over the first half of the 
track, the voltage gradient and the noise are only 
1/10 of that for a linear-law potentiometer. The 
remaining half, taking approximately 90 per cent of 
the load, has approximately double the voltage 
gradient and double the noise level as compared with 
a linear potentiometer. This is a decided advantage 
for such applications as for volume control, because 
in a radio receiver the first half is normally used on 
low volume level and for local stations where little 
background noise is expected. When turned further 
clockwise into the ‘‘steep’’ region, the increase in 
noise level in case of distant station reception or the 
increase in output for local stations will retain a high 
audio-signal to noise ratio. 


Causes of rotation noise 


The causes for noise generation in a potentiometer 
during rotation are manifold. Close inspection of 
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the resistance - rotation characteristic will reveal 
minute deviations from a straight or smooth line, 
and a certain amount of low frequency noise will be 
due to these irregularities alone when the contact is 
moved along. When the mechanical characteristics 
of the track surface and of the contact or squash 
plate are investigated under the microscope, these 
surfaces appear to have far from ideal smoothness, 
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LOGARITHMIC CONTROL 


Fig. 3. 


Resistance-rotation characteristic of logarithmic-law 
potentiometer 








Fig. 4. 
Rotation-noise characteristic of linear-law potentiometer 
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and unless the potentiometer is absolutely unused, a 
certain amount of scoring along the line of contact 
can be observed. Suitable design of the sliding con- 
tuct is likely to reduce scoring to a tolerable amount 
and to counteract undesirable effects of surface 
roughness of the resistance track. In some cases 
this is done by a rounded contact of approximately 
cylindrical shape in the neighbourhood of the contact 
region, which will make contact with the track along 
a radial line. Other designs make use of a flat con- 
tact disk flexibly mounted so as to have a large 
number of “‘points’’ of contact with the resistance 
element. In each case, the contact pressure will have 
to be controlled between suitable limits because 
excessive contact pressure is always responsible for 
undue wear, whereas a certain minimum pressure is 
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Characteristic of logarithmic-law potentiometer 
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Fig. 6. 
Recording noise traces with a rotary drum camera 


necessary to keep noise and contact resistance as low 
as possible under this circumstance of compromise. 
It is often unjustified to conclude that noise is neces- 
sarily produced by surface roughness, or that the 
potentiometer with the rougher track surface is 
always the one with greater noise. In actual fact, 
it is always a combination of surface and contact, 
and in the case of track roughness, of the particular 
type of roughness. On the other hand, it is usually 
correct to assume that a coarse surface of the sliding 
contact will result in noisy performance and undue 
wear. 


The squash-plate type of moving contact is designed 
to avoid all lateral movement of surface against sur- 
face, thereby avoiding sliding action and reducing 
wear. The plate is distorted by a wiper moving on 
top of the plate and pressing it down on to the 
resistance track in the fashion of a cone rolling about 
its apex on a plane. Contact is made along a moving 
radial line. Noise is generated by virtue of the fact 
that parts of the track are suddenly short-circuited 
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Recording noise traces with a stationary film and X deflexion by a 
standard potentiometer 
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by the squash plate descending on to a slightly pro- 
truding part of the surface further along the track, 
by small particles of dust on the plate or resistance- 
element and by the irregularities of the resistance- 
rotation characteristic. Whereas the problem of wear 
is considerably reduced by this type of moving con- 
tact, very great care has to be taken to eliminate 
surface flaws, and to prevent dust particles from 
location between the contact surfaces. 
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The mercury contact illustrated in Fig. 8 is capable 
of reducing wear to a minimum as well as avoiding 
undue noise generation by surface roughness. A 
certain amount of noise is generated, however, by 
the advance of the mercury drop, which naturally 
must not wet the cup or surface, and therefore in 
its advance acts in a fashion combining that of the 
wiper and that of the squash plate. A schematic 
view of the advance of the mercury drop is shown 
in Fig. 8(a). 

The phenomena described so far refer to potentio- 
meters in good condition and of efficient design. In 
the case of faulty components, very greatly increased 
noise can often be found due to aggravation of surface 
defects by scoring, wear or climatic and chemical 
action, sometimes resulting in momentary open cir- 
cuits, which cause considerable noise voltages. Other 
causes of noise are bad connexion of the extreme 
terminations or poor contact in the slip ring or other 
device used to connect the moving contact to the 
stationary centre terminal. 


Frequency Distribution 


The frequency distribution of the noise produced 
by a potentiometer on rotation varies greatly with 
the cause of noise. In distinction to the noise pro- 





Fig. 9. 


Noise traces of fast moving potentiometer (top) and fixed resistor. 
mplitudes not to scale 


duced by fixed resistors, this distribution is very 
irregular and usually contains a far greater percent- 
age of lower audio frequency contributions. This is 
illustrated in Fig. 9, of which the top trace was taken 
with a potentiometer on fast rotation and the bottom 
trace with a fixed resistor and increased amplifier 
gain setting. 

The potentiometer oscillogram in Fig. 9 is a centre 
portion representing one-fifth of the total length of 
a record made when turning the rotor through its full 
course in about 1/5 second. The amplitude and fre- 
quency distribution of the noise produced on fast 
rotation is different from that produced on slow 
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Fig. 10. 
Noise generation by intermittent short-circuiting of track elements 


rotation. Normally, the amplitude is greater and the 
distribution more uniform on fast rotation. 


It is interesting to observe that repeated operation 
of a potentiometer in good condition yields fairly 
consistent noise records, but that the record taken 
for clockwise operation is often greatly different from 
that for anti-clockwise operation, both in amplitude 
and distribution of frequencies. 


Certain wiper-type sliding contacts show distinctly 
non-symmetrical noise traces. Fig. 4 is a good 
example of this. The direction of sharp peaks is seen 
to be upwards in this case, and would be reversed for 
reversed direction of sliding contact movement. An 
explanation of this phenomenon can be found in the 
mechanism of contact movement. ‘‘Sticking’’ action 
due to surface friction and elasticity of the moving 
contact assembly and ‘‘jumping down” from high 
spots due to spring pressure can be responsible. 
‘‘Saw-tooth”? roughness of the surface cannot be 
made responsible for this type of asymmetrical noise 
trace because this would not account for reversibility 
of noise peaks on reverse rotation of the potentio- 
meter spindle. 


Mechanical Considerations 


A number of mechanical considerations are involved 
in the investigation of rotational noise generation. 
Most important of these is the fact that contact is 
never made on a single point, along a line or on a 
single integral surface. Therefore, in the advance of 
the moving contact, parts of the resistance path are 
continually short-circuited and also “‘switched’’ into 
circuit. This can be understood from inspection of 
the schematic drawing Fig. 10. While the moving 
contact slides over two “hilltops’’, the ‘‘valley”’ is 
short-circuited and, at least for this area, no 
resistance change or voltage change takes place for a 
small incremental movement. When a “‘hilltop’’ is 
left or when another “‘hilltop’’ is touched in the 
advance of the moving contact, a large resistance and 
voltage change is caused by a small incremental 
movement. Simultaneously, the current carried by 
the resistance element in the case of constant voltage 
across its terminals (or the total voltage across the 
resistance element in the case of constant current) 
undergoes a corresponding variation in consequence 
of the variation of the total resistance caused by the 
mechanism of switching parts of the resistance in and 
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out of circuit. With a smaller surface of contact this 
phenomenon is reduced; this, however, is done at the 
expense of increased specific contact pressure and 
consequently increased wear of the surface. It is for 
that reason that extension of the contact surface is 
generally sought in a radial direction. In this way 
the switching phenomena are carried out in parallel 
with one another and their detrimental effect in pro- 
ducing voltage fluctuations is effectively reduced. 
Another reason for reducing the specific contact pres- 
sure as far as is compatible with a reasonably high 
absolute contact pressure is to avoid undue local 
deformation of the track by the passage of the moving 
contact. The latter considerations are more impor- 
tant for sliding solid contacts than for plate or 
mercury contact types. 


An important problem is that of surface lubrica- 
tion. Efforts are sometimes made to improve per- 
formance by the application of grease lubricants, but 
their effect, though temporarily beneficial, usually 
has its adverse consequences in shortening the life 
of the resistance element by chemical or physical 
action on the lacquer or base. 


Wear is normally the largest single factor impair- 
ing the noise characteristics of a variable potentio- 
meter. Consequently, careful consideration must be 
given to this problem in manufacture and develop- 
ment of new types. The common practice is to test 
samples of potentiometers by means of a cycling test. 
This is carried out in turning the potentiometer 
spindle from extreme starting to extreme stopping 
position and back in a suitable testing machine 
capable of carrying out tens of thousands of such 
operations within one or two days. The noise pro- 
duced is measured at suitable intervals, and in this 
way the wear-noise characteristics of a potentiometer 
type can be investigated. : 


Three regions on the track of a potentiometer 
warrant particular consideration from the point of 
noise generation. These are the starting region at 
the anti-clockwise extreme, the stopping region at 
the clockwise extreme and the juncture of the low- 
resistance and high-resistance sections in the case of 
a logarithmic-law potentiometer. The first two men- 
tioned are characterized by short areas of low- 
resistance coating which serve to provide a reliable 
contact between the extremes of the resistance track 
and the terminals A and C. Here, with a well- 
designed potentiometer, very little noise is generated. 
Bad design, on the other hand, can be responsible for 
excessive noise generated in this region alone, even 
where the remainder of the resistance track gives 
satisfactory operation. For a potentiometer with as 
widely different resistance changes per degree of 
rotation as is necessary for a logarithmic law, the 
resistance element or the resistance coating is made 
of two or more sections of different specific resistance. 
The region of juncture normally is characterized by 
noise generation half-way between that of the 
adjacent sections. 


For use in electronic circuits, potentiometers are 
often made fixed in order to ensure low-noise per- 
formance. On the other hand, modern variable 
potentiometers provide a means for smooth control 
and much can be done by careful selection of the 
correct position within the circuit of application to 
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ensure satisfactory operation. For use where cur- 
rent is passed through the moving contact more care 
must be taken as the amplitude of fluctuations is 
greater for such cases. Where a voltage rather than 
a current is controlled, a potential being tapped at 
a variable ratio by means of the moving contact, 
current should not be passed through the potentio- 
meter resistance element unnecessarily. In many 
cases it is possible to block the p.c. when only an 
A.c. potential is required, such as in the case of 
audio-amplifier volume control, where low noise is 
essential. Another method sometimes helpful in 
obtaining a reduction of noise is to shunt a potentio- 
meter by a fixed resistor carrying the greater portion 
of the current while the variable proportion of volt- 
age is obtained from the potentiometer at a low noise 
level. Care must be taken for correct estimation ot 
signal-to-noise ratio for negative feed-back applica- 
tions as shown in the circuit Fig. 11. This circuit is 
sometimes used to provide gain control in high-gain 
wide-band amplifiers. When calibrating to the 
required gain it is often found that the deflexion on 
the output meter is erratic due to noise produced 
by this variable resistance while it is moved. This 
severely hinders the process of calibration. The 
difficulty can be overcome by replacing the variable 
resistor by a fixed resistor (or several steps of fixed 
resistors) and —— 
the fixed resistor R by a 
variable resistor. In this 
way, — a fraction of 
the standing current will 
pass through the vari- 
able resistor, and the 
generation of noise will 
be reduced considerably. 
For application in tone 
i control circuits similar 


precautions are advisable 
ee 
R 


where a high ratio of 











amplification follows the 
or — stage. = 
radio-frequency circuits 
v a where the use of vari- 
able potentiometers and 
resistors is normally 
Fig. 11." —— parts of the 
5 ROS circuit not carrying a 
Vertes comers Canin signal current, as, for 
able ‘because of noise instance, in the control 
of variable-mu valves, 

rotation noise is of little consequence. 


For many applications, as, for instance, that of 
volume and tone control in radio receivers, the 
problem of rotation noise has still to be solved. While 
in new equipment trouble is rarely experienced from 
this source, noise often appears as a consequence of 
wear. This trouble does not only arise when the 
potentiometer is actually operated by hand, but in 
many cases vibrations transmitted mechanically and 
acoustically to the elements of the potentiometer, can 
give rise to audible noise or distortion. With the 
new types of potentiometers now in production, or in 
a state of development, it is hoped that these pheno- 
mena will be reduced to such an extent that even- 
tually, at least for radio receiving and television 
equipment, their noticeable effects will be eliminated. 
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RESULTS ON A MIDLANDS “TELEVISOR”, AT 35 MILES RANGE 


Snapped by a Home Constructor 
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The Solovox 


A Novel Electronic 
Musical Instrument 


By ALAN DOUGLAS* 


HIS device is one of the products of the 

Hammond Instrument Company of Chicago. It 
is a purely melodic instrument, that is, one on which 
only one note at a time can be played, although 
more than one octave of any one note can be sounded 
simultaneously. In consequence, it requires that 
some other musical instrument should accompany it, 
and since the most probable choice is a piano, the 
Solovox is designed to attach directly to the front 
of a standard piano frame. 


Playing keys and controls 

The compass of the playing clavier is three octaves, 
terminating on top B; to extend it to C would require 
extensive circuit changes. The keys are of standard 
width and compass, but somewhat foreshortened so 
as not to interfere with a normal playing position 
for the performer. Each key is hollow, and contains 
the contact mechanism for closing the necessary cir- 
cuits. The keys are moulded from Lucite, which is 
a plastic having the same coefficient of friction and 
the same moisture absorption as ivory; the ‘“‘feel’’ 
is therefore the same to the player. 

In front of the playing keys is a series of rocking 
tablets (above). These control the various pitches 
and tone-colours which are available from the circuit. 
The intensity or volume level is controlled by a 
pivoted knee pedal, similar to that on an American 
organ. An initial displacement of this operates the 
starting switch. 


Oscillation generating circuits 


The circuit is shown complete overleaf. The 
instrument functions in the following manner. A 
single valve oscillator is normally tuned to the 
highest note obtainable on the Solovox. (B= 
8,951 c/s., A being standard pitch 440 c/s.) When 
any playing key is depressed, the oscillator is re- 
tuned to that note frequency by alteration of the 
capacitor stack shown in the schematic. The oscil- 
lator output is fed to a series of cascaded fre- 
quency dividers, which produce notes in successively 
lower octave relationship. Thus for any one playing 
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key fundamental, five other lower octaves are simul- 
taneously available, so that, although only one note 
can be played at a time, all five octaves of that note 
can be made to sound at once, adding considerable 
boldness to the tone. Any or all of these octaves can 
be selected by some of the tablets shown. 

There are a number of circuits for obtaining one 
output pulse from two input pulses.* Some of these 
are characterized by poor waveform, but the har- 
monic content of the Solovox dividers is entirely 
acceptable from a musical standpoint. This fre- 
quency divider consists of three triode valves; two 
of these are combined in one envelope in all stages 
except the first. The feedback circuits connecting 
the two triodes are of such a nature that only one 
valve can conduct at a time, for by drawing anode 
current it keeps the other valve cut off. 

If, for example, the first triode conducts and the 
second is cut off, then a negative pulse on the grids 
of both triodes cannot affect the second one, which 
is already cut off, but will cut off the first. This 
produces a positive pulse at the anode of the first 
triode, which is applied to the grid of the second 
through the feedback network. The second triode 
then conducts, producing a negative pulse at the 
anode; this latter pulse is fed back to the first grid 
and thus cuts this valve off. This is the reverse con- 
dition to that which we imagined at the start of the 
cycle. Thus two input pulses produce only one 
output cycle, so halving the frequency. The output 
signal comes from one anode, the other being used 
to drive the next divider. 

So far we have seen that if any note key is 
depressed, the oscillator is re-tuned. In order to 
prevent an off-pitch tone being generated if two keys 
are accidentally pressed together, the register select- 
ing relays in the circuit diagram do not permit more 
than one circuit at a time to close. The series 
arrangement of the tuning capacitors automatically 
controls the tuning so that always the higher of the 
two notes will sound. 

* The Electronic Musical Instrument Manual ; A. Douglas. (Pitman). 
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Methods for forming tone-colours 


The waveform from the dividers contains a wide 
series of even and odd harmonics, and is thus suscep- 
tible to tone-forming circuits. There are three 
means of altering the shape of the envelope of the 
generated oscillations. It can be seen that across 
each divider output a diode valve is shunted. If this 
is connected, both even and odd harmonics will be 
passed; if it is disconnected, the even harmonics are 
suppressed, thus favouring a hollow and rather 
clarinet-like sound. 

In addition, a series of resonant and low-pass filter 
circuits is provided in the output circuit of the pre- 
amplifier. The formants thus available can be com- 
bined in many ways to produce novel effects. The 
inductance in the “‘Brilliant’’ circuit removes all the 
bass and produces a biting tone-colour. 


Attack and delay circuits 


The third form of control is the capacitor in the 
control valve cathode circuit marked ‘‘Fast attack’’. 
This modifies the rate of build-up of the signal. 

In all circuits in which keying of the signal takes 
place, transients will occur in the loudspeaker unless 
means are taken to suppress them. A familiar 
American method is to use steep cut-off pentodes, 
but in this case the control valves are of the 
variable-mu pattern and volume control is effected 
by varying the grid bias. The grid voltage range 
for complete cut-off during keying must therefore be 
much greater than usual. 

This circuit functions as follows. The cathodes of 
the control valves are connected to the voltage 
divider as shown. This cut-off voltage is of the 
order of +175 volts. When a playing key is pressed, 
one of the selector relays must operate, and one 


Super-Power Beam Triode 
HAT is believed to be _ the 


world’s most powerful electron 
tube, a high-vacuum ‘“‘ super-power 
beam triode ”’ capable of 500 kilowatts 
of continuous output and tested at one 
million watts input, has been an- 
nounced by RCA. 
he new valve, RCA Type 5831, 
represents the first commercial attempt 
to build power output of this magni- 
tude into a single valve. Despite its 
enormous power input capabilities—at 
least four times that of any previous 
RCA type—the new 5831 is of compact 
design, measuring 88} in. in length and 
weighing only 135 lb. 

In unmodulated class C service, the 
5831 has a maximum plate voltage 
rating of 16,000 volts, a maximum 
plate input of 650 kilowatts, and a 
maximum plate dissipation of 150 kilo- 
watts. 

The new valve generates its power at 
high efficiency and with exceptionally 
low driving power. To provide 500 
kilowatt output in unmodulated class C 
service, under typical operation condi- 
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relay coil is thus put in parallel with the lower 
resistor of the voltage divider. This causes the 
cathode voltage to drop to +55 volts. The valve 
then conducts. The large capacitor shown removes 
any trace of abruptness in attack or decay. 


Expression control and vibrato 


The volume is adjusted by means of a series of 
fixed contacts which eliminates the wear encountered 
with a rotating wire rheostat. There are seven steps, 
together with adjustable limiting resistances for 
maximum and minimum gain, and the control valve 
grid potential is varied by this resistance arm from 
about +45 volts to almost earth potential (minimum 
volume). 

It will be seen that a vibrato is provided by an 
A.C. operated tuned reed which inserts or removes 
a small part of the main oscillator tuning inductance 
at about 7 c/s. Adjustment of the tuning induc- 
tance is instantly carried out by means of a coin slot 
in the oscillator coil core, which is on the top of the 
chassis. The instrument keeps in tune for very long 
periods without attention. 

By suitable combination of the various controls, 
some interesting effects are possible. For example, 
soprano, deep tone and brilliant produce a creditable 
string tone; tenor, vibrato off, mute and full tone 
give a good clarinet; contralto, vibrato off, fast 
attack and second voice, a rather pungent trumpet; 
tenor, vibrato off, second voice and brilliant, a 
horn-like quality; and so on. The possible combina- 
tions are, indeed, practically limitless. 

The present dollar exchange position precludes the 
sale of this ingenious little instrument in this 


country, but a very similar device of French origin, 
known as the Clavioline, will shortly be produced 
here. 


tion, the 5831 requires only about 900 
watts grid drive. The tube can be 
operated with maximum rated plate 
voltage and plate input at frequencies 
throughout the broadcast band, and 
much higher. The limitations for 
operation of the tube at high frequen- 
cies and at higher power have not yet 
been determined. 

The outstanding feature of the 5831 
is an array of 48 independent unit 
electron-optical systems arranged cylin- 
drically in the tube. The great power 
capabilities of the new tube are due 
largely to the successful achievement 
of this design, which, in effect, concen- 
trates 48 triodes in a relatively small 
space. 

In detail, each of the independent 
electron-optical systems consists of a 
filament in a slot in the beam-forming 
cylinder, grid rods and the copper 
anode. Electrons leaving the emitting 
surface of the filament are beamed 
between a pair of grid rods to the anode 
by the focusing action of the beam- 
forming cylinder. Even though the 
grid may be positive, relatively few 
stray electrons strike it. 
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The Cable Transformer 
By F. J. CHARMAN 


A coupling network, made from lengths 

of standard rodio-frequency cable, which 

is designed to couple a balanced 70-ohm 
feeder to a quarter wave aerial 


| $e is well known that a quarter wavelength of 
transmission line will transform between Z: and Z: 
wnere the line surge impedance Z is V Z:Z:. 

it may be inconvenient to have two kinds of cable 
in use, but a transformation can always be made 
using a length of cable plus two reactors to form a 
kind of 7 coupler. 

Working in admittances and normalizing (i.e., 
dividing out by yo to refer to a ‘“‘one mho cable’’) we 
have in Fig, 1 a load g: (the aerial) which is shunted 


Fig. |. 
Cable terminated by complex admittance 


by a susceptance b:. The length of the cable is ® 
electrical angle and the admittance y: at terminal 1 
will appear complex. The phase angle is corrected 
by the addition of a susceptance b:, leaving a desired 
admittance y: = gi. 

The problem is to proportion b:, 9 and b: so that 
g: = 1, whereupon the line feeding end 1 will be 
correctly terminated. 

The cable equation normally appears as 
Z: cosh Yl + Z sinh YI 
Zo cosh Yl + Z: sinh Yl 

Dividing by Z:, inverting, to get the admittance, 
normalizing, and dividing by sinh Yl we arrive at 

1 + y coth v1 


ieee “nt coth YI 


Assuming the line loss to be negligible, so that 
yl = 38, we get 


7 


i= 





1—iy: cot 0 
yi = 8 Ea (8) 





Putting y: = 1—jbi, we get 
(1—jb:)(y:—] cot 9) = 1—jy: cot 9... (4) 
_Expanding and equating real and imaginary parts 
gives 
(Real) g: + bib:—b: cot® = 1+ b: cot ® ... (5) 
(Imag.) b:—cot 9—b:g: = —g:cot® ............ (6) 
frcm (6) bige = (g:—1) cot 9 + b: 
-— 8 2 
or b= (@:—1) r a (7) 
Substituting (7) in (5) will give cot 8 and 9, 
Example. A quarter wave earthed vertical aerial is 
to be fed through cable which is normally made for 
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 homnall 


_ . a Ny - 


Fig. 2. 


Cable transformer, showing alternative methods of 
phase-correction 


feeding dipoles and which has a characteristic 
impedance of 70 ohms. The aerial impedance is 
35 ohms. As a matter of interest let the frequency 
be 160 Mc/s. 

In this case gz = 2. The value of b: is arbitrary, 
but, as an intelligent guess, let us make b: = 1. (At 
160 Mc/s., this is equal to 14.3 micro-microfarads.) 


ot 9 
Then, by (7), bi = sala 


and, in (5), 

4 + cot 9 +1—(cot 9 + 1) cot 9 = 2 + 2cot 9 
giving the quadratic cot’ 9 + 2cot 9 —-3 = 0 
whence’ cot 8 = 1 or —3 and bi = 1.0. 

The length of line for cot 9 = 1 is } wavelength, 
and for cot 9 = —8 is 0.45 wavelength. 

The shorter length will be chosen since the 0.45 
wave line would require an inductance at end 1 so 
that, at 160 Mc/s., using polythene cable, the length 
is therefore about 6 in. The element b: can be a 
fixed capacitor or another 4 wavelength of open cir- 
cuited line. The element b: can be made to include 
the aerial terminal-bushing stray capacitance and 
oe be adjusted, possibly by shortening the line a 
ittle. 

Now let us investigate the performance over a band 
of frequencies, assuming that the transformer is set 
up correctly at 160 Mc/s. and that the aerial 
resonance is very broad or, alternatively, that the 
aerial can be re-tuned. If a whip aerial is employed, 
it will be necessary to tune it by adjustment of its 
length since the necessary small diameter prevents 
it from having broad-band characteristics. 

Fig. 2 shows the alternative versions of b:, i.e., 
capacitor or line section. 


9 
_ 


Then at fo = 160 Mc/s. 

(c) b: = 1.0 cot 8 = 1.0 

dp be= 1.0 b: = + j1.0 g: = 2.0 
and at fi: = 176 Me/s. 

(c) bi = 1.1 ® = 49.5 b: = + jl.l 

(1) bi = tan 49.5° cot® = .854 = g, = 2.0 

= 1.171 
_1-jycot®. . 
gi — y+ jet” jb eee eee ee (8) 


using b: (c) yi: = 1.06 + 0.84 = 1.124 —17}° 
and b: (1) y: = 1.06 + j0.41 = 1.134 —21}° 


The capacitive phase corrector is thus slightly 
better than the line equivalent, but in any case the 
resulting mismatch s.w.R. at the band extremities 
would not exceed 1.5, which would satisfy many 
practical cases. Thus with a suitable remnwer row. 
aerial the range 160 Mc/s. +10 per cent could be 
covered by a simple fixed device comprising two one- 
eighth cuneshonatinn of cable and a suitable mounting 
bush capacitance for the aerial. 
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A Method for the 
Measurement of Capacitance and Resistance 


By G. T. BAKER, M.Sc. 


(British Telecommunications Research, Ltd.) 


An electronic chronometer is used to measure the time 
taken for a capacitor/resistance combination to discharge 


between given potential limits. 


Alternatively, the discharge 


time is compared with two fixed intervals to determine 
whether a component is within a given range of values. 


WIDELY used method for the measurement ot 
short time intervals involves the discharge of a 
capacitor through a resistance."’ The time is given 

by :— 
ee Oi Oy fe (1) 


where Eo,E: are the boundary potentials. Electronic 
technique provides alternative methods for measuring 
these times and it is possible to use Equation (1) to 
determine one of the other parameters, e.g., capaci- 
tance or resistance. By fixing E./E: and either R or 
C the equation becomes : 


A a | a ree (2) 


If the values of k and k: are suitably chosen, the time 
measurements will correspond directly to capacitance 
or resistance units, e.g., microfarads or ohms. Two 
types of measurement are described. In the first the 
actual time period is determined to give precision 











Fig. | 
Single-shot multivibrator circuit used for measurement 


measurements of capacitance and resistance. In the 
second, the time is compared with pre-set values to 
determine whether the capacitor or resistor under test 
is within a specified range. 

The requirements of the measurement circuit can 
be obtained from Equation (1). At t = 0, potential 
E. must be applied to the capacitor and a signal 
extended to the timing equipment to initiate the 


measurement cycle. When the potential on the capa- 
citor falls to Et, a ‘‘ stop timing ”’ signal must be 
generated. The capacitor potential tends to move 
through the operative point E: comparatively slowly 
and trigger circuits should be included, so that the 
beginning and end of the timing cycle are clear and 
well-defined. The potential measuring circuit should 
constitute no load on the capacitor, otherwise the dis- 
charge rate is modified. Preferably E: should be a 
fixed fraction of Eo, so that variation in applied poten- 
tials does not affect their ratio. 

A number of circuits was investigated and the 
** single-shot ’’ multivibrator shown in Fig. 1 was 
found to be the most useful. Valve V2 is normally 
conducting, since its grid is held at earth or cathode 
potential by the diode D. Part of the potential fall 
in the anode load resistor is transferred by a divider 
system to the grid of V1, holding this valve in a non- 
conducting condition. A sharp positive pulse applied 
to the grid of V:, e.g., by closing switch S, causes the 
system to move rapidly to the condition wherein V1 
is conducting and V2 cut off. C corresponds to the 
unknown capacitance in Equation (1) and the disturb- 
ing potential E> is provided by the sudden shift of the 
anode of V1 towards the negative. The capacitor dis- 
charges through Rx (equivalent to R in (1)) until the 
potential of the point X reaches the lower cut-off 
potential of V2. Then the system reverts rapidly to 
its original condition. The purpose of Rv is discussed 
later. 

The circuit fulfils the main requirements mentioned 
above. During the discharge period, the grid of V2 
is considerably negative and does not constitute a 
load on the capacitor. Moreover, the on-and-off pulses 
are sharp and clean. It is difficult to measure the 
actual values of Eo, Et, but this is unimportant as 
long as their ratio remains substantially constant. 
It is essential that the system should be stable and 
should have a linear response. The extent to which 
these criteria are realized is discussed in the next 
section. 

Scale Shape 

The operative elements of the circuit are shown in 
Fig. 2. Rs represents the internal resistance of V1 
including Rv; other symbols are as Fig. 1. 


“Yee cay “See al (3) 

Ble Ht) = Bata Feats assess. ssciceceseenescsas (4) 
Writing R; = RR / (R: aE R,) at ei ble cen Ne pwaee a wens (5) 
RsEv/ Ra a ae) NE Nd ME <5 cas shane edenesees (6) 
=C v (Rs 7 Rx) TTT CITT TTT (7) 
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Fig. 2 
The measuring element of the circuit shown in Fig. | 


= K EXP. -—t/C (Rs + Re) ...... (8) 

If the circuit values are so chosen that the measured 
discharge period is of the order of 0.1 sec. or more, 
the switching time can be neglected. At t = 0, v = 


Ep. 
Hence K = Ev (Rs + Ra)/ Raz ............... (9) 
= E. (Equation (1)) 
The system reverts to normal when the potential at 
X reaches the cut-off of V2. 
i.€., Rerg = Ev + Eco cee cc ccc ce ewecccccesececcs (10) 
Rs Ev/ Ra + Ut = (E» + Ev) (Re Rs) / Rs (11) 
= E. (Equation (1)) 

The cut-off potential of the valve is largely propor- 
tional to the applied anode potential. Hence if Eco 
is written p Ev, Equation (1) becomes: 

1 ,R. +R, RR: , 
t = C(Rs + R,) lo (, ae <) (12) 

The capacitance scale is therefore of the required 
form, i.e., with Rz constant, C = kt. This is con- 
firmed by the measured values shown on A, Fig. 3. 
Closer observation reveals a slight curvature due to 
strays which have been neglected on Fig. 2. 

The resistance scale suffers from two defects. As 
long as R, is large compared with R:, the relation- 
ship is useful and linear. The Rs term in the first 
bracket displaces the line, so that its projection does 
not pass through zero. Moreover, as R; is decreased 
until it becomes comparable with Rs, the final log. 
term diminishes, generating a curvature towards the 
origin. These details are illustrated by the observed 
values, shown in B, Fig. 3, and in the enlargement of 
the curved portion shown in C. 

Precision Measurements 

Very accurate measurements of capacitance and 
resistance can be obtained by measuring the discharge 
time by means of an electronic chronometer.’ 

It is doubtful whether the measurements described 
herein would, of themselves, justify the installation 
of a chronometer. It is believed, however, that this 
instrument will become a standard feature of most 
laboratories in the near future, because of its value 
in other directions. The capacitance and resistance 
measuring unit would then be in the nature of an 
accessory. 

The chronometer consists of three parts; an 
accurate pulse source, which is usually a 100 ke/s. 
crystal controlled oscillator; a digital type electronic 
counter, and a gate which controls the passage of 
pulses from the oscillator to the counter. The timing 
circuit is connected to the gate in such a manner 
that pulses are allowed to pass only during the 
switched period of the multivibrator. The reading 
on the counter then indicates the required discharge 
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time. Pentagrid valve V3 in Fig. 4 constitutes the 
gate. The point A is connected to the normally 
conducting anode of the multivibrator by a potential 
divider system, so that the inner grid of V3 is held 
at a substantially negative potential while the system 
is at rest. During the switched period the potential 
of this grid is made more positive, the capacitor 
causing it to follow the movement of the multivi- 
brator anode. Pulses from the oscillator applied to 
another grid of V8 are freely transmitted to the 
counter until the system reverts to the normal con- 
dition. 

For the measurement of capacitance, the multi- 
vibrator must include fixed resistances corresponding 
to R; of such value that k in Equation (2) becomes 
unity. Several values can be included, each repre- 
senting a different capacitance range. The optimum 
number of ranges depends on the number of signi- 
ficant figures available on the counter. With an 
instrument of five decades, two ranges, 0.001-0.1 uF 
and 0.1-10 uF, have proved sufficient. For a lesser 
number of digits it is convenient to limit each range 
to a 20 db. coverage. With these limits, correction 
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Fig. 3 
Defects observed in resistance measurements 


A: Time/Capacitance (Rg = 100kQ) 
B: Time/Resistance (C = IF) 
C: Lower part of B x 10 


can be made for the slight lack of linearity in the 
characteristic mentioned earlier. 

The resistance values can be determined experi- 
mentally. A standard capacitor of the required full 
scale value is connected to the unit, and the resis- 
tance value adjusted until the desired reading is 
obtained on the counter. The valve compensation 
mentioned later should be approximately central. If 
the checking capacitor is of the decade type, the unit 
can be tested over the full range and errors due to 
non-linearity balanced. The range switch is of the 
wafer type with connexions as shown in Fig. 5. A 
10 k& resistor is in series with one pole of the switch 
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and this must be in circuit when the range resis- 
tances are being determined. 

For resistance measurements the lower bend of the 
characteristic shown in Fig. 3 must be obviated. This 
is effected by giving R; an artificial zero in the form 
of the 10 k® resistor mentioned in the previous para- 
graph, which value must be deducted from the 
counter reading. Alternatively, an additional 
** single-shot ”’ multivibrator can be inserted to delay 
the beginning of timing by an amount shown as to 
on Fig. 8. The effect is to shift the origin to the 
point P so that resistance readings are given directly. 
Two resistance ranges are suggested, one 100 k® full 
scale, the other 10 M&. The internal capacitors are 
determined experimentally and wired as shown on 
Fig. 5. 

Eiiwense must be made for valve ageing and 
replacements. In Equation 12 the valve affects two 
terms, R. and p. The former represents a significant 
variation, and compensation has been inserted in the 
form of variable resistor Rv in series with the anode 
of V1. A range of about 2 k® is sufficient to cover 
most valves of the specified type. Variations in p, 
representing changes in the grid cut-off potential of 
the valve, are not so important, since p is very small 
and is largely masked by the unity in the same term. 
A single compromise adjustment on Rv is sufficient 
to cover both variations. 


FROM 
OSC. 


TO 
+ COUNTER 





Fig. 4 
** Gate "’ circuit between 


and t 





One position of the range switch is used for adjust- 
ing R.. The operation virtually consists of measur- 
ing the capacitance of one of the included capacitors. 
This is a fixed and known value, and if a valve has 
been changed, it is a simple matter to adjust Rv 
until the original reading is obtained, since it should 
be constant for any given instrument. Another 
position of the range-change switch can be used for 
adjusting the zero delay when this is fitted. The 
external terminals are short-circuited within the 
instrument, and the time delay is reduced until the 
counter just reads zero. 

Performance 

The system includes no moving parts, and the 
accuracy depends entirely on the stability of the com- 
ponents used. Temperature changes are the main 
disturbing factor, but with suitable choice of equip- 
ment a variation less than about 4 parts in 10°/ °C. 
can be obtained. 

The assumption that p (12) is a constant is not 
completely justified. The return switching action 
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does not take place until the overall amplification 
of the system exceeds unity. Due to the lower bend 
in the valve operating characteristic, this does not 
occur at the true cut-off point and the switched time 
is dependent to some extent on supply potentials. 
For precision readings, therefore, these must be 
stabilized. Elaborate control is unnecessary since 
the time variation is only a very small proportion 
of the potential change. Mains ripple leads to 
erratic results, and the smoothing should be as 
efficient as possible. Other fluctuations were traced 
to the filament supply, although indirectly heated 
valves were used. The heater current should be 
derived from accumulators for the highest accuracy. 

The effect of potential changes and random 
fluctuations has been considerably reduced by con- 
necting the charging resistances R; to the positive 
potential instead of to the cathode as is usual in 
multivibrator practice. The slope of the discharge 
curve at potential E: is increased by a factor of 
about 4 or 5; the time change for a given potential 
fluctuation is decreased in the same ratio. 

It was found difficult to obtain constant readings 
on a valve taking appreciable grid current, probably 
due to heating of the grid spiral. A series grid 
resistor is added to overcome this difficulty, but has 
the effect of allowing the point X (Fig. 1) to become 
positive. The diode D is introduced to hold this 
potential and to still further reduce grid current. 

With the plate potential stabilized and heaters 
taken from the mains (via transformer), no difficulty 
was experienced in maintaining an accuracy of 0.1 


* per cent. With accumulator supply to the heaters, 


the maximum variation over a run of several hours 
was +0.03 per cent. The residual variation was pro- 
bably due to direct pick-up, since it appeared to 
coincide with the working of adjacent apparatus 
which was not entirely spark-free. The effect is 
fundamental to all trigger type circuits, and the only 
solution is complete shielding, together with adequate 
smoothing on all incoming wires. 

The above results were taken on a switched time 
of 0.35 sec. As this period is reduced, the percent- 
age variation is increased and the finite switching 
time becomes important. Experiments are being 


Fig. 5 
Correction circuit for the non-linearity shown in Fig. 3 
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conducted with an H.F. pentode pair to determine 
the minimum switching time. 
Tolerance Measurements 


Precision measurements of the type described are 
required in comparatively small numbers. The 
majority of capacitors produced are for such pur- 
poses as smoothing, speech transmission, spark- 
quenching, etc., where the capacitance tolerance is 
wide, +10 per cent being quite common. For such 
measurements, a modification of the instrument has 
been designed which gives a rapid, direct indication 
whether a capacitance is within a given range, 
usually expressed as a negative and positive percent- 
age tolerance on a specified nominal value. 

It is unnecessary to determine the actual switched 
time of the multivibrator, so that a gate circuit and 
chronometer are not required. Instead, the time is 
compared with two known values, T. and Tp, repre- 
senting the negative and positive time equivalents 
of the capacitance tolerances. The two preset time 
devices, in effect, constitute an electronic ‘‘go/no-go”’ 
gauge, so that for a good capacitor Tp>t>T:. 

In Fig. 6 the three lower units marked N, O, P 
represent multivibrators similar to that shown in 
Fig. 1. The nominal time To can be made any value, 
a convenient figure being about 0.35 sec., correspond- 
ing to a 1 uF capacitor associated with a 100 k2 
resistor. The R, resistance forming part of the N 
unit is in the form of an 80 k® fixed and 20 k® 
variable; that of P is 100 k® and 20 k® variable. 
Over the range covered, resistance is substantially 
linear with time, so that the dials on the variable 
resistors can be scaled directly as percentage decrease 
and increase of time To. A selector switch asso- 
ciated with the O unit enables a number of resis- 
tances to be connected, so that the time 7. corre- 
sponds to a different nominal value of capacitor for 
each switch setting. 100 k® corresponds to a capaci- 
tance of 1 yuF; other resistors might give 0.1 -F, 
2 HF, etc. 

The three multivibrators are switched simul- 
taneously, the order of release being determined by 
the upper elements A, B,C. These are Eccles-Jordan 
toggles of conventional design,‘ with two stable 
positions. An external switch (not shown) restores 
all three to the normal or ‘“‘ reset ”’ position prior to 
each test. The neon-tube associated with each toggle 
glows to indicate the operated or ‘‘ set ’’ condition. 
The arrowed connexions represent pulse operation 
paths, the pulse being emitted as the originating 
element returns to the normal condition. 

Consider the sequence when a capacitor below the 
permitted tolerance is connected to O. The lower 
units release in the order O, N, P. A receives its 
‘* reset ’’ pulse before being ‘‘ set ”’ by N, and there- 
fore remains in the “set”? condition. The glowing 
of the associated neon-tube indicates ‘“‘ cavacitor 
below tolerance.”? If the capacitor under test is 
above the range permitted, the sequence terminates 
with B “ set,” the glowing of the neon-tube giving 
the appropriate signal. Only if the component under 
test lies between the specific values, i.e., if the units 
release in the order N, O, P, can the C toggle be 
‘“* set ’? to indicate a useful capacitor. 
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Fig. 6 
Elements of the comparator circuit 
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New O.B. Television Transmitter 


Television outside broadcasts from places not served by the 
special television cable will be considerably facilitated when 
this new transportable television transmitter, designed and 
produced by Marconi’s Wireless Telegraph Co., Ltd., is 
brought into service by the B.B.C. Due to its small size and 
modest power requirements it can be installed in a single 
vehicle, which will carry also the fire-escape type extensible 
ladder for supporting the aerial. 

The new double-sideband tr itter is designed to radiate 
350 watts within the frequency range 174 to 216 Mc/s. 
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Time Base Expansion and Compression Circuits 


for varying Trace Speed during time of sweep 


By D. M. MACKAY, B.Sc. 


(Wheatstone Laboratory, King’s College, University of London) 


HE Miller time base circuit, using a single valve, 
has already been described many times and in 
particular in Electronic Engineering for August 1948.’ 
During the war the writer devised a number of 
methods’ for varying the speed of sweep of the Miller 
time base at selected points during the sweep period, 
thus producing either an expansion or compression of 
part of the trace. A description of some of the experi- 
mental circuits may be of interest, the principle being 
equally applicable to all capacitor-controlled time 
bases. 
In Fig. 1, C is the “ Miller’ capacitor, and the 
time of sweep is controlled by the values of R; and 














Fig. | 


Simple speed changing circuit producing an increase in speed at 
a selected voltage 


Typical values (with EF50): 
Ra=47k, Rg=3.3M, R, = 100k. 
C, C, according to speeds required 
C,=8uF, P=100k 


C, with C: and R: in series across C. The value of Ri 
is preferably some two or three times that of Ra, the 
anode resistance, (for reasons which will be seen 
later), and must be small compared with R:. From 
the junction of R: and C: a diode is connected to earth 
through a potentiometer P which determines the 
diode anode voltage V:. 

When the anode potential V. falls to that of the 
diode (V:) the potential across C: is clamped by the 
action of the diode and the effect of C: on the sweep 
velocity practically ceases. R: then becomes an addi- 





tional anode load across Ra (hence the requirement 
that it should be two or three times as great), and 
the sweep continuous at a speed determined only by 
Cand R:. The effect is shown by the waveform adjoin- 
te the circuit diagram, which gives a sudden increase 
in speed of sweep bey ond the point marked V:. 

A fast sweep changing to a slow one is provided 
by the circuit of Fig. 2. C: is connected across C 
through a diode D:, the anode potential of which is 
determined by R: and P. When D: is non-conducting, 
C: has practically no effect on the sweep speed, but 
when the potential V. falls below Vi, C: discharges 
through D: in parallel with C and thus slows down the 

















2 Pp 
; 
Fig 2 
Double-diode circuit giving a decrease in speed at the required 
voltage 


sweep. At this stage R: is again effectively in parallel 
with R., and the value should therefore be kept high 
as before. The waveform is shown adjacent to the 
diagram. 

If the diode of Fig. 1 is reversed in connexions, a 
single diode variant of Fig. 2 is obtained, which has 
the same effect on the sweep speed. MR: in this case 
is present initially as an additional anode load. 

For compressing a portion of the scan, the circuit 
of Fig. 3 may be used. This is a combination of the 
principles of the preceding circuits. C: has no effect 
until V. falls in potential to Vi, when Di ceases to con- 
duct. (C: then discharges through R: (which is small 
compared with R,) until the potential V. falls below 
V:, At this stage D: conducts and clamps C: once 


Fig. 3 
Circuit for compressing a central portion of the trace 
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Circuit for expanding a central part of the trace. 


pent enabling the sweep to be resumed at its original 
speed. 

Finally, the circuit of Fig. 4 can be used to expand 
a portion of the sweep. In this, C: slows down the 
sweep until V1 falls in potential to the value Vi, when 
D: clamps (:. The sweep then falls at a rate governed 
by C and Rs. When Va reaches V:, D2, which has 
been conducting, ceases to clamp C:, and the sweep is 
again slowed down. If C: = C: and R: = R: the 
slope will resume its original value. The expanded 


C,=C, f the time-base is to resume its original speed 


portion may be moved up and down the time base by 
adjustment of Vi: and V: with a ganged potentiometer. 

The foregoing, of course, represents a much-simpli- 
fied description of the action of the circuits, but is 
adequate if the approximations mentioned are valid. 
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The Videograph 


A New Instrument for Home Entertainment 


P to now instruments for home entertainment 

have been produced as separate articles, with 
little or no attempt to incorporate them one in the 
other, and there is thus much waste of space, effi- 
ciency and money, if one purchases the units 
separately, and they rarely seem to go well together 
artistically. The possible exception is the radiogram 
which at least combines two uses in one, with con- 
siderable saving. 


This view of the 
prototype model of 
the ‘‘ Videograph ”’ 
shows a _ promise 
that the futuristic 
interior will be en- 
cased in a smart 
exterior. The 
shoulders of the 
cabinet hold the 
**shorts’”’ (both film 
and cocktail) 





The logical extension of the radiogram idea was 
the addition to the television receiver of facilities to 
view recorded programmes, i.e., films; and thus was 
formed the ‘‘ Videograph.”’ 


A typical model is shown, and consists of a 
normal television receiver, with the addition of <¢ 
simple mechanism for running 16 mm. talkie film ir 
front of a small electrostatic c.r.t. which scans 
through it on to a photoelectric cell and electron 
multiplier, the output of which can be switched into 
the video output of the receiver. The film runs 
smoothly, thus eliminating the complicated part of 
normal projectors, and is pulled by a small syn- 
chronous motor. The scanning potential for the 
electrostatic tube is obtained from the grid of the 
line output valve, ensuring automatic line lock, and 
the frame is locked by a novel method to the mains, 
ensuring automatic frame lock. Sound is picked off 
as usual, and is reproduced through the sound 
receiver, Later models will probably pick up sound 
by means of an iron dust, or wire, thread let into the 
film. This will make sound pick up much simpler. 


~~ 


All the film equipment is housed in one of the 
‘ shoulders ”’ of the cabinet, which hinge open for 
loading in film, etc. Incidentally the other shoulder 
is a well stocked cocktail cabinet, surely a necessary 
part of a home entertainment device! Several record 
companies are planning to market recorded pro- 
grammes, with subjects ranging from simple cabaret 
acts (dancing, singing, conjuring, etc.) to travel 
items, plays, instructional records, such as music 
lessons, engineering training, carpentry demonstra- 
tions, gardening, etc., and it is expected that public 
libraries will handle them on a loan basis, as they 
do at present with the (now) old fashioned printed 
books. 


Our visionary contributor concludes with the regretful comment 
that there is, of course, no such thing as a Videograph—yet. 
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An improved 


Insulation Resistance Bridge 


By A. F. BOFF, B.Sc. 


(Late of Standard Telecommunication Laboratories, Ltd.) 


A robust self-contained instrument is described 

which permits rapid measurement of resistance 

in the range 10°-10* ohms. The test voltage 

may be varied continuously up to 500 volts, 

thus enabling voltage co-efficients of resistance 
to be determined 


deny development of new insulating materials and 
the investigation of the electrical properties of 
textiles require measurements of resistivities ap- 
proaching 10" ohms-cm. For a sample 1 mm. thick 
having an electrode area of 100 cm.’, the resistivity 
figure quoted corresponds to an actual resistance of 
10“ ohms. Measurement of such a high value of 
resistance presents special difficulties which are not 
encountered when measuring lower values. The 
present methods in general use include: (a) Measure- 
ment of the steady current through the sample, when 
subjected to an deteie stress, by means of a super- 
sensitive galvanometer, and (b) ballistic measure- 
ment of the residual charge in a capacitor which has 
been allowed to discharge through the sample for a 
measured time. In most practical cases the sample 
may be subjected to a potential difference of 500 
volts. When it is calculated that 500 volts across 
10“ ohms cause a current of 0.000005 #A, the delicacy 
and limited range of method (a) is evident. In 
addition, it is impossible to protect the galvanometer 
effectively from current surges due to breakdown 
of the specimen. Method (b) requires a first-class 
capacitor and a sensitive galvanometer. It is 
laborious and measures only the average value of 
resistance over a voltage range. Voltage coefficients 


Fig. |. 
Schematic of the bridge 
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of resistance (often very considerable at high ohmic 
values) must therefore be estimated by measurements 
over successive voltage ranges as close together as 
sensitivity requirements will permit. The Wheatstone 
Bridge circuit would be suitable for high resistance 
measurements if the detector impedance were suffi- 
ciently high (preferably high compared with the 
greatest value of resistance to be measured), and had 
adequate sensitivity. Since the advent of the electro- 
meter valve, several investigators have employed 
bridge methods, but owing, perhaps, to the numerous 
separate battery supplies used and the usually rather 
intricate setting-up procedure for devices designed to 
compensate for supply fluctuations, bridges for very 
high resistance measurement do not appear to have 
been universally adopted. 

The method described here involves no new prin- 


Fig. 2. 
Balance detector (Terminals isolated from earth) 
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Fig. 3. 
Grid current characteristic of average electrometer valve type ET | 


ciples, but represents a considerable simplification of 
technique without sacrifice of stability or accuracy, 
and permits rapid measurement of resistance up to 
10" ohms (corresponding for a convenient sample to 
a resistivity of 10" ohms-cm). 

Description of Apparatus and Circuits 


The difficulties peculiar to the measurement of very 
high resistance are, in general, due to :— 

Instability of the electrical circuits forming the 
detector. ; 

Grid current flowing in the detector input circuit. 

Time constants of the bridge arms. 

Leakance across the high resistance arms of the 
bridge. ‘ 
The following sections deal with these difficulties 

together with the means by which they have been 
overcome or reduced in this new instrument. 

It is desirable that the high voltage supply should 
have one pole at earth potential and also that the 
resistance under test should be earthed at one end 
to facilitate screening. Since variable high resis- 


Fig. 4. 
Polythene switch (approximately quarter scale) 
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tances are not practicable, two arms of the bridge 
must be low. Maximum sensitivity will be obtained 
if the detector is connected between the junctions 
of the two high resistances and the low resistances. 
The basic circuit, therefore, becomes that of Fig. 1 
where the point D is at earth potential, R38 is the 
unknown high resistance, R1 is the internal standard 
and R2, R4 are low resistance arms. 

The Detector 


The ideal detector would combine high sensitivity 
and inherent stability with respect to both electrical 
and mechanical disturbances. In addition, it would 
cause no shunting of the bridge arms nor pass cur- 
rent through them. It is well known that a ther- 
mionic valve, although presenting an impedance 
normally considered high, is limited to a few megohms 
by the existence of a finite grid current. This is 
not the familiar eiectronic current which flows when 
the control grid is made positive with respect to 
cathode, but a positive ion current existing when 
the grid is sufficiently negative to repel all electrons. 
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(b+) TIME CONSTANT= 5S SECS. 


Fig. 5. 
Showing how disposition of bridge armsjaffects charging time 


The causes of this current have been listed by 
Metcalf and Thompson’ as being :— 


(1) Leakage over insulation. 
(2) Ions formed by gas present in the valve. 


(3) Thermionic grid emission due to heating of 
grid by the filament. 


(4) Ions emitted by the filament. 


(5) Photoelectric emission by control grid under 
action of light from filament. 


(6) Electrons emitted by control grid under action 
of soft X-rays produced by normal anode 
current. 


Item (1) may be effectively cancelled by means 
of guard rings and item (6) reduced by use of a low 
anode voltage,’ but the remaining items depend solely 
on the valve design and manufacturing technique. 
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Fig. 6. 
Conventional Wheatstone bridge 


There are a number of specially constructed valve 
types now available, generally called electrometer 
valves,’* in which the grid current has been reduced 
to a very low value. A typical curve showing grid 
current as a function of grid potential for one of these 
types is given in Fig. 3. It will be noted that at 
one value of grid potential the electron current and 
the positive ion current are equal, and there is zero 
resultant current. It has been found possible to 
work at this point over short periods, but the exact 
point is not sufficiently stable for general use and it 
has been found more satisfactory to accept the small 
residual positive ion current. 

The circuit of Fig. 2 shows two electrometer triodes 
comprising a balanced detector system which is 


~ 3 2 ' 
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Fig. 7. 
(a) Inverse scale shape 
(b) Constant accuracy scale 


virtually independent of supply fluctuations. The 
valve filaments and anodes are supplied from a 
common p.c. line derived from the mains. If both 
triodes are identical, no out-of-balance results due 
to changes in supply. In practice the over-riding 
factor affecting the matching of the valves has been 
found to be the filament temperature. For this 
reason a variable resistance (r in Fig. 2) has been 
included. When correctly adjusted, the balance is 
undisturbed, apart from a slight relative thermal 
delay in the filaments by supply variations of up 
to +20 per cent. Changes due to mechanical distur- 
bances are effectively avoided by use of soft rubber 
anti-microphonic mounting for the valves. It will be 
seen that terminal C of the detector has a path to 
earth by way of the insulation of the mains trans- 
former. A good impregnated mains transformer has 
an insulation resistance greater than 500 megohms 
and C may, therefore, be connected to the low resis- 
tance junction without detectable effect. 
The Bridge Arms 

To provide adequate sensitivity, when testing at 


low voltages, without resort to a sensitive galvano- 
meter, the maximum ratio of unknown to standard 
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was limited to 100. This implied the use of internal 
resistors covering the range up to 10" ohms. Special 
sealed resistors, available commercially, were found 
suitable for this purpose, especially since the 
maximum voltage to which they were eahincned (50 V) 
fell within the range over which, it was claimed, they 
had negligible voltage coefficient of resistance. 

To carry the resistors, without introducing leak- 
ance, a twelve position switch was constructed, having 
radial spokes of polythene and a rotary contact arm 
(Fig. 4). The spring contacts of the latter were 
designed to automatically centre the polythene spokes 
to avoid warping. All corners and sharp edges were 
smoothed to avoid unwanted ionization. An impor- 
tant factor in the disposition of the bridge arms is 
concerned with time constants. When it is considered 
that a capacitance of 5 pF associated with a resis- 
tance of 10“ ohms has a time constant of 500 seconds 
it is seen that the problem is not easy. A large time 
constant may completely mask the balance point, 
since fluctuations of the high voltage supply or move- 
ments of the operator (which slightly modify the 
stray capacitances) cause random displacement of the 
balance indicator, at a rate exceeding that at which 
they can be accommodated by the circuit. In the 
design of the high insulation terminal and the range 
switch, capacitance has been kept as low as practic- 
able. | However, in use considerable capacitance is 
often inherent in the specimen. The time constant 
resulting from a given capacitance is greatly in- 
fluenced by the relative positions of the high resis- 
tance arms of the bridge. The effect is demonstrated 
in Fig. 5, where it is shown that a 100 to’ 1 improve- 
ment results if it is arranged for the stray capacitances 
to be charged through the lower resistance. The 
low resistance arms of the bridge are by no means 
critical, but to avoid unnecessary drain on the high 
voltage supply the resistances should be as high as 
practicable. For a continuously variable wire wound 
potentiometer this sets an upper limit of 500 k2 which 
may be chosen as the low resistance arm. A circuit 


Fig. 8. 
Bridge ratio arms showing scale shape network 
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MEGOHMS 





Fig. 9. 
Actual scale shape in this instrument 


of the type sketched in Fig. 6 has an inverse relation 
between the resistance R2 and the unknown R3, where- 
as, for constant accuracy of reading, a scale shape is 
required based on the law R2 = Aek®, where @ is the 
angular motion of the balance dial. Both scales are 
produced in Fig. 7 for comparison. 

A close approximation to the ideal scale shape may 
be achieved by means of the network detailed in 
Fig. 8. Design of such a network is simplified by 
regarding BC and CD as a potentiometer across the 
high voltage supply. R5 is chosen to provide the 
maximum voltage required across arm CD. of the 
bridge when the moving contact C is at E, while R6 
must be selected so that when C is at F, the correct 
minimum voltage is obtained. Although the five 
resistors comprising BC and CD are interdepen- 
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dent, in practice the scale shape is governed, 
primarily, by the ratio R7/R6. Resistors R8 and R5 
control the range and are finally adjusted during cali- 
bration. The technique is based on a _ method 
described elsewhere’ and the resultant scale shape is 
shown in Fig. 9. The moving contact C is connected to 
terminal C of the detector and to the guard rings of 
the high insulation terminal and the electrometer 
valves. 
High Voltage Supply 

Owing to the very stringent conditions arising out 
of the time constant problem discussed in the pre- 
ceding section, a mains operated source for the high 
voltage was not considered practicable. A battery 
power pack was, therefore, built into the equipment. 
The pack consisted of 15 miniature batteries (nomi- 
nally 45 V each), occupying a total space of approxi- 
mately 4 in. by 4 in. by 10 in. The maximum load on 
the batteries is only 2.5 mA and at the time of writing 
the equipment has been in regular laboratory use for 
almost twelve months without requiring replacements, 
The voltage applied to the bridge circuit is 
continuously variable and is indicated on a voltmeter 
incorporated in the apparatus to facilitate measure- 
ments of voltage coefficients of resistance. 
Calibration and Accuracy 

The variable bridge arms BC and CD _ were 
accurately calibrated in terms of external standard 
resistances of relatively low ohmic value, but the very 
high resistances, utilized for comparison with the un- 
known arm, presented considerable difficulty in the 
absence of known standards of comparable values. 
When in use in the circuit, these resistances may be 
subjected to any potential difference up to 50 volts. 
A calibration method, therefore, should not apply a 
stress exceeding this value and should, in addition, 
check the voltage coefficient effects over this range. 
The procedure adopted was as follows: each resistor 
was measured in terms of resistors one and two 
decades lower, using the accurately known low resis- 
tance arms BC, CD. Values not exceeding 100 
megohms were measured on a precision Wheatstone 
Bridge. 


Fig. 10. Complete circuit diagram 
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_ A progressive error would apply to each succeed- 
ing decade, but it is estimated that all internal resis- 
tors are known to approximately 2 per cent. The 
measurements were checked by other methods and 
found to agree within the experimental errors asso- 
ciated with the particular method employed. The 
detector system has a sensitivity of 16 #A/ volt. When 
a test potential of 500 volts is employed a change of 
1 per cent in the unknown will produce a current of 
0.8 #A. For normal measurements, therefore, a 0-50 
#A moving coil instrument is sufficiently sensitive to 
permit balance within the accuracy of the internal 
standards. A portable galvanometer, having a sensi- 
tivity of 26 mm/#A has been used with success for 
measurements at very low test voltages. 
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A Sawtooth Generator for Oscilloscopes 


C)*= major difficulty in the design of sawtooth 
voltage generators for oscilloscopes is the 
development of a circuit which is linear at the com- 
mencement of the sweep. A further difficulty is in 
the design of a generator whose waveform at the 
commencement of the forward stroke is not in- 
fluenced by the shape of the triggering pulse. 

The circuit of a generator which has been found 
to overcome these difficulties is shown in the Figure. 

The capacitor C1 is alternately charged and dis- 
charged to form the flyback and forward strokes 
respectively. The discharge is through valve V1 
which has strong negative feedback via its cathode 
* resistor R$ causing it to behave as a constant current 
device. Valves V3 and V4 form an unstable ampli- 
fier of wide band width using a constant current 
valve V5 (similar to V1) as the common cathode 
impedance, and cause V2 to conduct and charge C1 
for flyback strokes. Synchronizing signals may be 
applied via V6. Output is taken across CD. 
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The operation of the circuit may be described as 
follows. Consider V2 and V4 to be cut off with V3 
conducting. C1 will be steadily discharging through 
V1 producing the forward stroke of the scan. When 
the voltage on the anode of V1 has fallen to a 
sufficient extent it will cause V3 to stop conducting 
and its anode voltage will rise. This rise is trans- 
mitted by a D.c. connexion to the grid of V2 which 
starts conducting and quickly charges C1 (flyback 
stroke). It is likewise transmitted to the grid of 
V4 which also commences to conduct and so main- 
tains V3 non-conducting. When, however, the volt- 
age on C1 has risen sufficiently V3 again conducts, 
its anode voltage thus falling and returning V2 and 
V4 to the non-conducting stroke. The circuit has 
now reverted to the original condition with Cl 
steadily discharging. 

The conditions of the valves may be summarized : 








Vv: | Vv; | Vv, 
Forward Stroke OFF... ne | ON OFF 
Flyback ee ae OFF ON 











VR2 adjusts the bias on V5 and therefore serves as 
a fine control of repetition frequency. 

Synchronizing pulses are applied to the grid of 
V6, a pentode which is biased to cut-off except when 
caused to conduct by a pulse at A. 

If sufficient resistance is introduced by VRI1, 
the voltage of Cl, due to the constant drain of 
current through V1, may not reach a large enough 
value to turn V3 on at the end of the flyback. The 
operation will therefore cease until a synchronizing 
pulse makes V3 conduct and thus commence the 
forward stroke. In this way the circuit gives a single 
sweep and flyback, leaving the spot waiting at the 
start position of the sweep. Brightening pulses for 
this mode of operation may be taken from B to 
intensify the trace during the forward stroke. Due 
to the control of V2 by the coupled pair V3, V4, the 
trigger pulse once having caused V3 to conduct has 
no further influence on the operation of the circuit 
and cannot interfere with the linearity of the sweep. 

It was found that the charge and discharge of C1 
has a tendency to “‘ pull ” the voltages of the power 
supplies El and E2. The decoupling combination 
Ri, C4 may be arranged to eliminate this effect. 

—Communication from E.M.I., Ltd. 
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NOTES FROM THE INDUSTRY 


The Manchester Electronics 
Exhibition 1950 


The Fifth Annual _ Electronics 
Exhibition organised by the North 
Western Branch of the Institution 
of Electronics will be held at the 
College of Technology, Manchester, 
on July 18, from 2.30 p.m. to 9 p.m. 
and on July 19 and 20 from 10 a.m. 
to 9 p.m. Part of the Exhibition 
will be devoted to the interests of 
the amateur constructor and there 
will be demonstrations of television 
reception on receivers designed for 
home construction. 

Admission will be by ticket obtain- 
able from Mr. A. Hickson, 205 
Parrs Wood Road South, East 
Didsbury, Manchester, 20. 


Award of the Albert Medal 


The gold Albert Medal of the 
Royal Society of Arts for 1950 has 
been awarded, with the approval of 
Her Royal Highness The Princess 
Elizabeth, President of the Society, 
to Sir Edward Victor Appleton, 
G.B.E., K.C.B., M.A., D.Se., Se,D., 
LL.D., F.R.S., ‘‘ for outstanding 
services to science and _ industrial 
research.’ 

Sir Edward Appleton, who is now 
Principal and Vice-Chancellor of 
Edinburgh University, was Wheat- 
stone Professor of Physics at the 
University of London from 1924 to 
1936, and Jacksonian Professor of 
Natural Philosophy at Cambridge 
University from 1936 to 1939. From 
1939 to 1949 he was Secretary of the 
Department of Scientific and Indus- 
trial Research. He was awarded the 
Nobel Prize for Physies in 1947. 


Scottish Television Station 


The contract for the site works and 
the construction of the approach 
roads for the main Scottish television 
transmitting station at Kirk 
o’Shotts has been awarded _ to 
Messrs. McLean and Company of 
Wishaw, Lanarkshire. 

This station will have a 750-foot 
mast similar to those at Sutton 
Coldfield and Holme Moss. 


Birthday Honours List 


Mr. G. M. Wright, B.Eng., 
M.I1.E.E., Engineer-in-Chief of Mar- 
coni’s Wireless Telegraph Co., Ltd., 
has been awarded a C.B.E. in the 
Birthday Honours. 

Mr. Wright originally joined the 
Marconi Company in 1912, and his 
work as a Research Engineer and 
Consultant gained for him an inter- 
national reputation. 

At the outbreak of war he became 
Assistant Director of Scientific 
Research and Chief Scientist at the 


Admiralty Signal Establishment. 
He returned to Marconi’s in 1946, 
and in November 1948 was appointed 
a Member of the Radio Research 
Board of the Department of Scien- 
tific and Industrial Research. 


Danish Radio Exhibition 


The Danish State Radio and 
Denmark’s Radio Industry are 
arranging an exhibition in Copen- 
hagen from August 11 to 20, to 
mark the 25th anniversary of the 
State Radio. 

The exhibition, which will be 
under the patronage of H.M. King 
Frederik, will include radio and 
electrical measuring equipment, 
radio components, radio and tele- 
vision apparatus, and will demon- 
strate working television and music 
studios. Most of the products on 
show will be of Danish manufacture. 

The Forum, the largest exhibi- 
tion hall in Scandinavia, will be 
used for this exhibition. 


B.B.C. Orders for Television 
Equipment 


The B.B.C. has ordered four sets of 
television camera equipment, two 
from Marconi’s Wireless Telegraph 
panel Ltd., and two from Pye, 

Lt 


Two of these equipments, each 
comprising a mobile control room 
with three operational cameras and 
associated equipment, will be used 
initially at the Festival of Britain 
next year. 

The other two equipments, each 
providing three operational cameras 
with their control equipment, will 
be used for the new television 
studios at Lime Grove, Shepherds 
Bush, and for outside broadcasts. 


Government Department Electrical 
Specification 


The Technical Panel of the Engi- 
neering Standards Co-ordinating 
Committee concerned with cables 
and wires (Secretary: Ministry of 
Supply, I.E.M.E., ‘‘ Aquila,’’ Golf 
Road, Nr. Chislehurst Station, 
Bromley, Kent) has recently issued 
a 1950 edition of GDES.25—Natural 
Rubber and Polychloroprene Sheath- 
ings for’ Electric Cables and 
Flexible Cords. 

The main difference from the 1948 
issue is in the introduction of a 
tear resistance test and increase of 
the tensile strength requirements of 
general purpose natural rubber and 
polychloroprene compounds. There 
are a number of other changes. 

Copies can be obtained from 
H.M.S.O. price 8d. 


Education and Training of 
Laboratory Technicians 


In recent years there has been a 
growing recognition of the impor- 
tance of securing increasing numbers 
of well trained technicians in science 
laboratories, including research 
laboratories in industrial establish- 
ments, research associations and 
academic institutions, as well as 
laboratories for instructional pur- 
poses in _ universities, technical 
colleges and schools. 

The City and Guilds of London 
Institute has considered the whole 
question of the training and certifi- 
cation of laboratory technicians on 
the broadest lines and a national 
basis, having recently adopted 
regulations and syllabuses for the 
‘Laboratory Technicians’ Inter. 
mediate Certificate Examination,’ 
which come into force in the 
academic session 1950-51. 

The scheme has been prepared by 
the Institute’s Advisory Committee 
on Laboratory Technicians’ Work, 
upon which serve representatives of 
laboratory technicians, professional 
institutions, industry, the Ministries 
of Education and Supply, and asso- 
ciations concerned with technical 
education, 

Copies of the scheme are available 
on request from the Department of 
Technology, City and Guilds of 
London Institute, 31 Brechin Place, 
South Kensington, London, S.W.7. 


British Standards Institution 
Annual General Meeting 


The Annual General Meeting of the 
British Standards Institution will be 
held on Tuesday, July 11, 1950, at 
8 p.m., in the Council Room of the 
Institution at 24 Victoria Street, 
London, S.W.1. 


Changes of Address 


The Department of Scientific and 
Industrial Research has moved 
from Dorland and Rex House, 
Regent Street, to Charles House, 5-11 
Regent Street, London, $.W.1. The 
telephone number remains White- 
hall 9788. 


New Electronic Products, Ltd., 
have opened new premises at Glas- 
gow Terrace, Grosvenor Road, Lon- 
don, S.W.1, to which address all 
communications should be sent, The 
telephone number is Victoria 0884/5. 


The offices of the Society of Relay 
Engineers have been transferred 
from 23 Dalkeith Place, Kettering, 
to Albion Road, Kettering, telephone 
ee 3422. The Secretary is 
Mr. T. H. Hall, M.Brit.I.R.E. 
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Plug-in Midget Relay 

FITTED with aluminium cover pro- 

cessed to protect it from corrosion 
and adverse conditions encountered in 
the tropics, the relay is fitted with 
standard 8-pin international octal base. 
Rating and operating characteristics are 
shown on a side transfer. Circuit 
diagram and internal connexions are 
shown on a transfer fixed on top of the 
cover. 

The relay operates on A.C. or D.C., 
the standard type requiring approxi- 
mately 1.5W on D.C. and 4.5 V.A. A.C. 
to operate it. In the standard double- 
pole changeover version, the contacts 
are rated at 250 volts 3 amps. per pair 
non-inductive load A.C. 50 cycles. On 
D.C. the contacts are derated to 24V 
D.C. 3 amps or 200 volts D.C. 0.1 amp., 
where a suitable arc quenching circuit is 
arranged external to the relay. 


Miniature Relay 


"THERE are two types, both the same 
physical size, the ‘‘ dust cover”’ 
type and the ‘hermetically sealed ”’ 
type. 

This relay will operate on D.C. only 
and requires approximately IW _ for 
standard operation. If A.C. only is 
available for control, a suitable rectifier 
and smoothing circuit has to be incor- 
porated external to the relay. The 
contact arrangement is normally double- 
pole changeover type. The contacts are 
designed primarily for low voltage D.C. 
work, but will handle up to 300 mA, at 
240V A.C. 

The coil can be wound for direct 
operation on voltages up to S50V D.C. 
and for higher control supply voltages a 
series resistance is required. 

The relay is suitable for chassis 
mounting and single-screw fixing is 
provided together with a series resist- 
ance if required. 

Engel and Gibbs, Ltd., 
983/5 Finchley Road, 
Golders Green, 
London, N.W.11. 
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Magnetic Tape Recorder 
(Illustrated below) 


THe Cine-Soundmaster is a portable 
electronic sound recording/repro- 
ducing unit which, by means of a special 
flexible coupling, can be easily connected 
to most types of 8 mm., 9.5 mm., 
and 16mm. sound or silent projectors. 
In this way a sound commentary with 
musical background and effects may be 
added to an otherwise silent film. 


The recorder operates with spools of 
standard } in. iron oxide plastic tape of 
sufficient length to provide 30 minutes 
of playing time. Errors in recording can 
be erased and the recording tape used 
many times over for fresh recordings. 
For the purpose of editing, the tape can 
be cut and rejoined without difficulty. 

Scophony-Baird Ltd., 
Wells, 
Somerset. 





Valve Handling Tools 


ppp right is one of two types 
of valve extracting tools which have 
been added to the “‘ Spearette ’’ range 
of miniature valve handling tools. The 
larger of the two tools, i.e., B8B size, 
has been modified for extracting the 
Mazda S.P. 41 and 61 valves. The B8A 
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Type Extractor is priced at 7s. 6d., and 
B8G, B8B and S.P.41 at 10s. 6d. 


Spear Engineering Co., Ltd. 
Titan Works, 

Limpsfield Road, 
Warlingham, Surrey. 


Haynes P.M. Focusing Units 
(Illustrated above) 
Two new types have been introduced, 
the PMI5A and the PM20A for use 
with tetrode and triode C.R. tubes 
respectively. These are fitted with 
verticai and horizontal shift controls 
conveniently placed at the back, as well as 
a focusing adjustment operating at tne 
rear and beyond the base of the tuve. 
Shift is produced by a slight movement of 
a ‘‘ shuffle ’’’ plate which engages only a 
small part of the flux in the region of the 
gap, and the picture may be critically 
centred without derangement of focus. 
Resort to tilting is thus unnecessary, the 
focusing unit being firmly mounted with 
its axis aligned and concentric with the 
neck of the tube, for which support is 
provided. The focusing control by 
variable gap works through gears, and 
the control knob may extend out at the 
rear of the cabinet, affording the same 
ease of adjustment as that offered by the 
variable resistance used with focusing 
coils. 
Haynes Radio Ltd., 
Queensway, 
Enfield, Middlesex. 
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Indoor Television Aerial 
(Illustrated above) 


HE ‘‘ Flexible Dipole ’’ is a full-size 

television aerial for indoor installa- 
tion; when used in good or medium 
field-strength areas it will give similar re- 
sults to those of a standard aerial. Coaxial 
feeder cable of 50-55 ohms impedance is 
used to couple the dipole to the receiver, 
and a transformer rejector unit gives 
correct coupling of the aerial to the 
feeder cable. 

As a rule in locations up to about 10 
miles from the transmitter the flexible 
dipole may be installed in a ground floor 
room with the receiver ; at distances 
greater than 10 miles the dipole is better 
installed in an upper storey or loft. 

The aerial can be fixed by the side of a 
window behind curtains, and is therefore 
unobtrusive. It works equally well with 
the majority of receivers. There are 
two models, one for London and one for 





manufacturers. 
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and 


the Midlands, and they are both supplied 
with 24 feet of coaxial feeder cable. 


E.M.1. Sales and Service Ltd.. 
Hayes, Middx, 


Television Receiver Knobs 
(Illustrated below right) 


HE television receiver knobs illustra- 

ted bottom right, have been designed 
for better identification. The knobs’ pro- 
file and straight-knurling gives a good grip 
and ensures fine adjustment and control, 
which is particularly necessary for focus- 
ing. 

They al! are [4 in. diameter by 3 in. 
projection, having a standard 4 in. 
diameter bore for } in. shafts. All the 
knobs are obtainable in black or brown, 
with switch, focus, volume, contrast and 
brightness engravings. 


Crocodile Clips 
(Illustrated bottom left) 


N EW additions to the range of Bulgin 
crocodile clips are the CR. 15-18 
general purposes types of 25A rating, 
to supplement the original 5A _ size 
varieties. Others are the CR. 21-23 
‘* Fine Wire ’’ types of up to 5A 
rating (specially made for gripping flex- 
strands and fine 
wires) and the 
CR. 25-28 ‘* Bat- 
tery Charger ’’ 
types, specially 
shaped to grip 
car battery lugs 
and rod or bus- 
bars. These clips 
will not turn or 
displace inadver- 
tently, and are 
particularly safe 
and useful with 
accumulators. 


A. F. Bulgin 
and Co. Ltd., 
Bye-Pass Road, 
Barking, Essex. 





Electric Solderguns 
(Illustrated above) 
A new range of Electric Solderguns 
has been produced by Wolf Electric 
Tools, Ltd., which they claim will over- 
come hitherto common criticism of 


this type of equipment. Industrial 
soldering requirements have long called 
for soldering tools which will reach 
operating temperature quickly, will 
maintain a correct constant heat, prove 
economical in current consumption and 
are ‘‘easy in the hand ”’ for long pro- 
duction periods. 

The illustration pictures two irons 
from their range of six hand models ; 
particular attention is directed to the 
off-straight hand grip which tends to 
much more comfortable control. By 
arrangement within the heating element, 
the heat is localized around the copper 
bit, and with the elimination of wasted 
heat areas considerable economy in 
current consumption has been effected. 
At the same time tendency towards 
excessive temperature rise is avoided and 
this in turn prolongs heating element life 
and saves oxydization of the copper bits. 

Wolf solderguns can be supplied for 
the following voltages : 24, 50, 100/110, 
115/130, 200/220, 225/250, and each gun 
is fitted with six feet of 3-core cable. 
Models are available for a wide range of 
purposes from fine instrument to heavy 
duty work. 


Wolf Electric Tools, Ltd., 
Pioneer Works, Hanger Lane, 
Ealing, London, W.5. 
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——— THE THEORY AND DESIGN—— 
OF INDUCTANCE COILS 
By V. G. WELSBY 

This book is intended to assist the circuit 
designer in selecting the coil design more 
suitable for a given purpose, and to 
enable him to predict the changes which 
must be made in a given design in order 
to obtain any desired performance of the 
resulting coil. It will also appeal to 
students who must obtain a clear under- 
standing of the applications and design of 
inductance coils. 


60 illustrations. 18s. Postage 6d. 


THE ELECTROLYTIC 
CAPACITOR 
By A. M. GEORGIEV 

This is a practical book which will be of 
value not only to engineers concerned 
with the actual design and manufacture of 
electrolytic capacitors, but also to that 
larger group of engineers, technicians 
and maintenance men concerned with 
equipment in which electrolytic capaci- 
tors are used, 
transmitters ; sound systems and other 
electronic apparatus ; telephone circuits ; 
electric welding equipment ; and single 
phase induction motors. 

15s. Postage 6d 
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Elements of Electronics 


By G. Windred. 197 pages, 100 figures, 
6 plates. Chapman & Hall, Ltd., 1949. 
Price I5s. 


HE subject of “ Electronics ”’ 

covers an extremely wide field, 
as readers of ELECTRONIC ENGINEER- 
ING are undoubtedly aware, ranging 
from atomic theory, circuit theory 
and wave propagation theory to 
practical engineering topics such as 
sound films, sound broadcasting and 
television. To cover this wide field 
within the scope of a single volume 
may well be considered an impos- 
sible task; nevertheless the author of 
this book, the late Mr. G. Windred, 
has been reasonably successful in 
giving the reader a bird’s-eye view 
of the subject. Such a view is not 
without value since it enables the 
reader to see clearly how the funda- 
mental researches of Sir J. J. 
Thomson, Lord Rutherford, Sir 
J. A. Fleming and many others laid 
the foundations for developments 
which affected directly or indirectly 
the lives of every human being in 
the civilised world. 

The early chapters of the book 
survey in broad outline the dis- 
covery of the electron and _ the 
classical researches which enabled 
the charge and mass of the electron 
to be evaluated, the principles of 
thermionic emission and_ the 
behaviour of electrons in vacua and 
gases, and the photo-electric and 
photo-voltaie effects. The charac- 
teristics of thermionic valves are 
then discussed and the uses of valves 
as oscillators and in amplifiers are 
explained, including some reference 
to magnetrons and velocity-modu- 
lated valves, e.g., klystrons. 

The later chapters cover the appli- 
cations of electronic techniques; 
these range from mercury arc 
rectifiers for supplying thousands of 
kilowatts of power to electric trac- 
tion systems, X-rays for medical 
and industrial purposes, cathode ray 
tubes, television, the recording and 
reproduction of sound on film, the 
electron microscope, cyclotrons and 
betatrons for producing high-voltage 
electron and ion beams, and finally 
radiolocation, Each chapter con- 
cludes with a list of book references 
for further reading, with comments 
on the treatment the subject is given. 

The drawings are generally clear 
but there are a few errors, for 
example grid bias is omitted for the 
second stages of the amplifiers in 
Figs. 51 and 52, the grid-leak is 
missing in the quartz crystal con- 
trolled oscillator shown in Fig. 58 
and the potentiometer P in Fig. 65 
should be connected to the positive 
side of battery B:. There are also 
some misconceptions, for example on 
p. 156 it is said that ‘‘ the speed of 
propagation of radio waves is 
186,000 miles per second and the 
entire process of signal production, 
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transmission and reception is vir- 
tually instantaneous . . . this is an 
important factor which makes tele- 
vision possible.’’ The important fac- 
tor is not, of course, the speed of 
propagation but that all components 
of the signal should be transmitted 
with the same speed. 

Perhaps the most important omis- 
sion is the lack of an adequate 
account of the control of industrial 
processes by electronic techniques. 
It is in this field that electronics has 
made a most valuable contribution 
to mass production methods, notably 
in the United States of America, and 
it may well be that industry in this 
country would benefit from the 
wider use of such techniques. 

However, the author has on the 
whole selected his material well and 
given it a clear and concise treat- 
ment, well suited to the needs of 
the general reader and the student 
of electrical technology who requires 
a survey of the subject. The 
specialist in any one of the many 
aspects of electronics covered by the 
book will probably find his par- 
ticular subject dealt with all too 
briefly, but this is inevitable in view 
of the limited space available. 


W. J. Bray. 


Electric and Magnetic 
Fields 


By Stephen S. Atwood. Third Edition 
Chapman & Hall, Ltd., 1949. 475 pp. 
Price 44s. 


HIS book, by the Professor of 

Electrical Engineering at the 
University of Michigan, is intended 
io serve as an introduction to the 
mathematical theory of electricity 
and magnetism for first and second- 
year students of physics and elec- 
trical engineering. It is in four 
parts dealing respectively with the 
electric field, the magnetic field, 
the ferromagnetic field, and com- 
bined electric and magnetic fields. 
The mathematical treatment is 
simple and concise and should be 
intelligible to anyone with an 
elementary knowledge of the calcu- 
lus (there is a glaring mathematical 
error on p. 193). The physical 
principles underlying the mathe- 
matical results are clearly explained, 
and in the first chapter a statement 
of the way in which the theory is 
built up from experimental results is 
given. 

Considerable emphasis is placed 
throughout the book on the plotting 
of electric and magnetic fields, and 
two chapters are devoted to the 
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solution of Laplace’s equation by 
field-plotting methods. There are a 
large number of carefully drawn 
field diagrams and many of these are 
for systems of practical importance, 
such as transmission lines and cables. 
An admirable feature is that there 
are frequent references to atomic 
and nuclear theories and the light 
they shed on electric and magnetic 
phenomena. An appendix entitled 
** Electrons in Atoms” gives the 
necessary background of atomic 
structure and quantum theory. 
Other appendices deal with the con- 
version of systems of units (in 
accordance with modern practice 
this edition has been rewritten using 
the rationalized M.K.S. aaa and 
a brief historical surve 

This book will be At useful by 
the class of students for whom it is 
written, and it forms an excellent 
introduction to more advanced works 
on the subject, One minor criticism 
is that there is no mention of the 
very powerful method of solving 
Laplace’s equation by conformal 
transformations. 

J. Brown. 


Industrial Electronic Control 


By W. D. Cockrell, pp. 385 + XV, 2nd. 
Edition. McGraw-Hill Book Company, 
Inc., London, 1950. Price 34s. net. 


F IRST produced in 1944, this 
second edition of the book con- 
tains additional matter on electronic 
counting and switching, and closed- 
cycle systems. Primarily, the book 
is written for electrical engineers 
with little or no experience of elec- 
tronic techniques, and accordingly 
starts with a section (six chapters) 
on valve fundamentals, with special 
reference to industrial types such as 
gas-filled rectifiers, ignitrons, thyra- 
trons, and the like. Then follows 
five chapters on other circuit com- 
ponents, and not till nearly half-way 
through the volume does any dis- 
cussion of complete circuits start; 
with five chapters on basic units, 
rectifiers, amplifiers, oscillators, 
timing and switching circuits, etc. 
The added thirty page section on 
closed-cycle control systems is 
treated in a mildly mathematical 
manner and is adequate for its pur- 
, giving due deference to 
yquist and Bode, although perhaps 
the information is not sufficiently 
linked with practicalities. The book 
ends with what is probably the most 
useful section, on practical industrial 
systems, illustrated in fair detail 
from commercial examples. Espe- 
cially covered are _ photo-electric 
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systems; D.c. motor control; a.c. 
relays, timers and power control 
systems; and welder controls. The 
more “ refined ”’ industrial controls 
of temperature, pressure, moisture 
and pH, are not mentioned, pre- 
sumably because they are so often 
better done by non-electronic 
methods, nor are many other points 
which while perhaps, strictly speak- 
ing, not being control problems, 
might have been included, 

A lengthy appendix contains the 
inevitable colour codes and nomo- 
grams, optical data and some other 
miscellanea. The book is, of course, 
American, and has the advantages 
and disadvantages so implied, but 
will be of general use to the British 
reader. It will find its greatest 
service as an elementary introduc- 
tion for the uninitiated or as a 
general reference volume for the 
practical man. 


E. D. Hart. 


Principles of Electricity and 
Electromagnetism 


By G. P. Harnwell. pp. 670, 2nd. Edition. 
McGraw Hill, Ltd. 1949. Price 36s. 


HE important thing to realize 

about this book is that if you 
adopt it you are taking the plunge 
into the 20th century and leaving 
behind the 18th-19th century 
approach to ‘‘ electricity and mag- 
netism.”’ (Most of us realize that 
this must be done some time, though 
we may shirk the effort on the 
pretext of fearing the effect on the 
student who is forced to change 
his system of units somewhere 
between matriculation and a_uni- 
versity degree.) For the most 
obvious feature of this book is the 
use of rationalized M.K.S. units. 
which simplify the equation of 
electromagnetic fields as in trans- 
formers and radio waves—at the 
expense of complicating slightly the 
formulae for forces between charged 
pith balls and between permanent 
magnets, The other ‘‘modernisms’”’ 
are the derivation of magnetic 
phenomena entirely from the effects 
ot electric currents (independent of 
magnetic poles), and the choice of 
B rather than H as the basic mag- 
netic quantity. This last feature 
has been over-done. To describe 
H = B/+# as a concept convenient 
for describing the properties of mag- 
netic materials surely underrates 
the value in electromagnetism of 
the idea of ‘* magneto-motive 
force ’’; and when, having found 
that B has the dimensions of volt- 
sec. per square metre, we are told 
that ‘‘ The volt-second is called the 
weber, hence B is measured in units 
of weber ver square meter,’’ we stop 
to ask whether there ever was a man 
named Weber who was interested in 
ferromagnetism. 
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INTRODUCTION TO 
ELECTRONICS 


by 
J. Yarwood, 
M.SC., A.INST.P. 


344 pages. 121 figures. 28s. net. 


Recently Published 


AN INTRODUCTION TO 


LUMINESCENCE 
OF SOLIDS 
H. sks Seta 


(Research Chemico-physicist, 
R.C.A. Laboratories, Princeton, N.J.) 


586 pages. 143 figures. 96s. net 
An up-to-date text book by an 


acknowledged authority on the 
subject of luminescence. 
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TRANSIENT 
PERFORMANCE of 
ELECTRIC POWER 

SYSTEMS 


By Professor R. Rudenberg, 
Harvard University, 826 pages, 
9 x 6, illustrated. 102/- 


This is an enlarged edition in 
English of the classic German 
text, main sections being — 
Rotating Masses, Influence of 
the Earth, Variable Resistance, 
Interruption of Electric Arcs, 
Magnetic Saturation in Circuits 
at Rest, Saturated Rotating 
machinery. 

Readily available from all tech- 
nical booksellers. 


MCGRAW-HILL, PUBLISHING 
Co., LTD. 
ALDWYCH HOUSE, LONDON, W.C.2 
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Servograph 


SERVOGRAPH,OPERATES DIRECTLY 
FROM VERY{4{LIGHT CURRENT 
SOURCES, consuming but a few micro 
watts for full scale deflection. 

Its working principle is unique and sets 

up a new high standard of accuracy and 
robustness for graphical recording meters 
SEVOGRAPH’S accuracy is to BSS.89 for 
Grade 1 Indicating Instruments— because 
its servo-driven pen arm removes all 

load from the instrument movement, admits 
a robust and trouble-free pen, and 
maintains this accuracy with full 

or empty ink reservoir. Needing no 
levelling, it operates correctly in any 
position and can be connected directly to 
tachometers, thermo-couples, resistance 
thermometers, CO, indicators, pH meters 
and so on, repeating their accuracy on 

the chart. Equally useful, too, as an 
ammeter, voltmeter, etc., it may embody 

a moving iron, moving coil, dynamometer 
or electrostatic movement. 





Movements available from 50 
micro-amps or 15 milli-volts 
upwards. 
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BOOK REVIEWS (Continued) 


Considering the size of the book, 
one is at first surprised at the 
extent to which reference is made to 
other treatises for fuller details of 
almost every topic, though one is 
pleased to see British books repre- 
sented in these references by such 
authors as Hague, Jeans, Mott and 
Moullin, The reason for limited 
treatment is that the scope of this 
book is really much wider than its 
title, and covers three fields :— 

(1) The laws of electromagnetism, 
i.e., fields associated with charges 
and currents, leading to Maxwell’s 
equations and radiation. 

(2) The physics of materials used 
in the applications of electro- 
magnetism, covering such features 
as thermo-electric and Hall effects, 
dielectric polarization, Fermi statis- 
tics in relation to semi-conductors 
and a particularly thorough section 
on the physics of magnetic bodies. 

(8) An account of the applica- 
tions of electromagnetic principles 
to electrical machines, radio, etc. 

The treatment of the applications 
is necessarily introductory rather 
than comprehensive, but the stan- 
dard reached is indicated by the in- 
clusion of reference to the follow- 
ing: Johnson noise and shot noise 
(the latter without mentioning the 
effect of space-charge); the gyro- 
magnetic frequency in the propaga- 
tion of radio waves through the 
ionosphere; waves in a rectangular 
guide; the synchrotron particle 
accelerator; the Scott connected 
transformer for conversion between 
2-phase and 8-phase power; the use 
of a synchronous motor as a 
capacitor; Nyquist’s criterion for 
stability of a feed-back amplifier. 

There are five appendices, but the 
weakest point is the index, which 
lacks cross-references : thus Nyquist’s 
stability criterion is not to be found 
under ‘ Nyquist” or “ stability,” 
but only by implication under 
* amplifier, feedback.’ 


D. A. Bett. 


Electrical Transmission of 
Power and Signals 


By E. W. Kimbark, 461 pp. 229 dia- 
grams. 23 tables. John Wiley & Sons, 
Inc, New York. Chapman & Hall, Ltd., 
London, 1949. Price 48s. 


HIS book is intended for junior 

and senior students in electrical 
engineering and the author claims 
that it is the first book ever written 
that presents the basic theory of 
transmission lines together with 
applications to the three fields of 


.duced to the formulation 


power, telephony, and ultra high 
frequencies. 

The first five chapters are devoted 
to describing and deriving the para- 
meters of simple two conductor 
lines, multi-conductor lines, stranded 
and miscellaneous conductors and 
ground return lines. 

In Chapter 6 the reader is intro- 
of the 
differential equations representing 
the transmission of current and 
voltage along a transmission line 
with uniformly distributed para- 
meters, and to the solution of the 
equations for the steady state case. 

The representation of a smooth 
line as the extreme case of an 
infinite number of T or 7 networks 
in cascade is then dealt with, and 
the point is emphasized that by 
this means the use of differential 
equations may be avoided, 

The next chapter is concerned 
with transient phenomena on trans- 
mission lines, and although pre- 
sented in a clear pictorial manner 
the emphasis is far too strong on 
lightning surges and not enough on 
the equally important aspect of 
waveform distortion of signals in 
communication systems and_ the 
significance of this in_ television 
transmission, for example. 

Chapter 12, dealing with tele- 
phone and telegraph transmission, 
is perhaps the least satisfying in 
the book and parts of it might well 
be omitted altogether. The state- 
ment on p. 263 that different groups 
of carrier frequencies are generally 
used for transmission in each of the 
two opposite directions, applies only 
to systems on open wire lines, 
which do not form the majority of 
carrier circuits in this country or in 
America. 

Wave filters are discussed 
adequately in 26 pages, but it is 
surprising that other important net- 
works such as attenuation and 
phase equalizers are dismissed in a 
few lines. 

The book concludes with a chap- 
ter on Wave Guides presented in a 
simplified form, while the two 
appendices contain a lot of useful 
information on conductors § and 
transmission lines, presented in 
tables and curves. 

Each chapter contains a good 
bibliography, and the author has 
achieved a welcome consistency in 
the style and standard of presenta- 
tion. This book may be recom- 
mended to all students of electrical 
transmission courses. 


L. I. Farren. 
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Austinlite Rotary Switches are used to control the Auto-Trans- 
former regulating the A.C. supply to these Electro Plating 
Rectifiers, manufactured by Partridge, Wilson & Co. Ltd. 

Full details of the Austinlite 50 amp. Rotary Switch and of the 
new 30 amp. switch will be gladly supplied on request. 
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AUSTINLITE LIMITED, (A subsidiary of Chance Brothers Limited), 
Dept. As, Lighthouse Works, Smethwick 40, Birmingham. Telephone: West Bromwich 1051. 
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Suppress E.H.T. 


radiation 


SIMPLY EFFECTIVELY ECONOMICALLY 





with © Gag? COLLOIDAL GRAPHITE 


A quick-drying conducting paint of 
‘dag’ colloidal graphite applied by brush 
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to the inside of a television cabinet | 


effectively suppresses radiation from the 
E.H.T. valve, the line transformer 

and their associated circuits. 

A radio receiver can be satisfactorily 
operated on the long waveband within 


a few feet of a television receiver 


thus treated. | 


SEND FOR DETAILS | 
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The magnetic properties of this alloy 
make it suitable for mechanical 
rectifiers, magnetic amplifiers and 


special forms of reactors. 
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Cc The Metrovick 
Stabilised D.C. Power Unit 


N laboratories and meter testing 

stations there is often a demand 
for a highly stable d.c. voltage supply. 
The Power Unit, Type 222, has been 
produced to satisfy this demand. 





























SPECIFICATION 

Supply : 200/250V, A.C., 50 cjs., 
single-phase. 

Output: Between 660 and 680 volts 
D.C. (fixed) at up to 250 mA. 
Stability: |§ Maximum drift over 10 min-4 

parts in 100,000. 
Maximum drift over 1 hr-1°5. 

parts in 10,000, 
These figures apply for mains 
input changes not exceeding 
+ 5% after warming up 
: period of two hours. 

Output Impedance: Better than o-1 ohm. 
Output Ripple: Approximately 2mV r.m.s. 
Stabilised D.C. Power 


Unit, complete with 
Voltage Divider Type 292 








METROPOLITAN-VICKERS ELECTRICAL CO. LTD. 
TRAFFORD PARK, MANCHESTER 17 





R/E go4 
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A CAPACITOR... 
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photograph 


TRULY  Therearemore 
MINIATURE than two hun- 
dred Type W99 

Capacitors piled on this 
standard match box! An- 


other new development by —capaciTANCE TOLERANCE: 


Hunts to meet the increas- 


for the 
tightest 
of 

TIGHT 
CORNERS 





TYPE W99 
MIDGET 
MOLDSEAL 
METALLISED 
PAPER 


ae 20%, 















lokes up less room 


| {na typical case, a conventional battery occupying 18 cu. ft. 


ing needs of designers and (cioser tolerances are available) | Of space was replaced by a Nife battery of identical capa- 


manufacturers for a quality 
capacitor for use in 
light weight, compact 
equipmentemploying mini- 
ature valves and for T.V. 
equipment. 


WKG. 
VORTAGE CAP gf. SIZE 

, 150 D.C. 0.004 to 0.01 A 

| 0.0: to 0.04 B | 

‘ 

|| 350 D.C. 0.00! to 0.003 A | 

|| 0.004 to 001 B 

600 D.C. 2.5pF to 0.0005 A 

0.001 to 0.002 B 

|| 300 A.C. 0.00005 to 0.001 A 

0. B 





CAPACITORS 


THE TRADE MARK OF RELIABILITY 





DRY ELECTROLYTICS. METALLISED PAPER. FOIL & PAPER 


TEMPERATURE RANGE: 
40°C. to +-71°C. 
INSULATION RESISTANCE 
Not less than 20,000 
megohms, 
SELF HEALING 


Ls ; 
| city but only needing 14 cu. ft. Moreover, as the gas 
| produced by a Nife battery is innocuous, no separate 


| battery room was needed. This compactness of Nife Bat- 


teries is only one of the reasons for choosing Nife for 


| switchgear operation. In addition, Nife is made principally 


SizeA 


| available for private cars or domestic radio.) 


@ Full details of all | 
Hunt’s types, samples 
and advice on any | 
capacitor application | | 
gladly supplied. 

| 
| 
| 


STACKED & SILVERED MICAS, ETC. 


A. H. HUNT LTD., WANDSWORTH, LONDON, S.W.18 


Tel.: BATtersea 3131 


Established 1901 





of steel, and so is chemically and physically almost inde- 
structible. Nife is also unaffected by the heaviest rates of 


| charge and discharge, and so is electrically most reliable. 


Many records show that it costs practically nothing to 
maintain a Nife battery. That’s why so many are in use in 


the main grid power stations. (N.B. Nife batteries are not yet 


CUT YOUR COSTS WITH 





STEEL BATTERIES 


'NIFE BATTERIES - REDDITCH * WORCESTERSHIRE 
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Fa 


UNIT 
CONSTRUCTION 


The 
enables any one of these 
amplifiers to be used in 
the NAGARD Type 103, 
then providing time and 


unit construction 


voltage calibration. 


They can also be had 
as self-contained cased or 
rack-mounted instruments 
with inputs and outputs to 
meet specific requirements. 


Ke 








SEE 
what you measure! 
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NAGARD TYPE 103 OSCILLOSCOPE 
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THREE NEW 
D.C. AMPLIFIERS 
D.C. to 20 kes. 


GAIN OVER 100.000 
NOISE LEVEL 5,V. 


D.C. to 2 Me!s. 


GAIN OVER 15,000 
NOISE LEVEL 60uV. 


D.C. to 10Me/s. 


GAIN OVER 250 
RISE TIME 0:05ysecs. 


ALL STABLE AND DRIFT FREE 


~ 








NAGARD 


245, BRIXTON ROAD, LONDON, S.W.9 


Phone : BRixton 3550 
Grams : Intertel, Claproad, London. 











LOW VOLTAGE ROTARY STAND 
TRANSFORMER. § 12 volts 


to 600 volts 200 m.a. 


TELEV 





the equipm 
In prototyp 


c © & 
Head Office and Wor 


BRAN CH 2.8 2 3 








sound-proof cabinet. 230 volts 
A.C, Single Phase output. | 


Jhée AUTHORITY ON Powet Equysment- 
ft ELECTRONE 


cs 









gent 









Sy is sae « ‘i eee 
BARNES: Mi is aa ies tbs gis: ahh 8. 


ARD RADIO AND | MINIATURE ROTARY 


HIGH FREQUENCY 
ISION ROTARY TRANSFORMER. 24/36 volts MOTOR-ALTERNATOR. 
CONVERTER with filter and D.C. input. 60 watts output. 200 watts 400 


cycles output 
from 220 volts De. 


For details and technical specification of Power Equipment for all Electronic purposes including 


ent illustrated, write for fully illustrated and descriptive lists 3 R.C. and 16 H.F. 
e stages let your designers meet ours. 





an a ae WARE oat ee (yi a 
ks: St. MARY CRAY > KENT 


6.85: 6O8 Watvt_ 6 & Oo Q 8 8S € 9 


’Phone: Orpington 2560-3 


E.D.C. 19 





SOUTHERN INSTRUMENTS LIMITED 


FERNHILL HAWLEY CAMBERLEY SURREY 
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RANGE : 10 to 310 Mc/s 


The 
(vance 3. 
qual GENERATOR...Df 


‘THIS “ADVANCE” Signal Generator is 
compact in size, light in weight, and can be 
operated either from A.C. Power Supply or low-voltage high-frequency 
supplies. A Colpitts Oscillatory circuit is employed, which may be plate 
modulated by a 1,000-cycle sine wave oscillator, or grid modulated by a 
50/50 square wave. Both types of modulation are internal, and selected 
by a switch. The oscillator section is triple shielded and external stray 
magnetic and electrostatic fields are negligible. Six coils are used to cover 
the range, and they are mounted in a coil turret of special design. The 
output from the R.F. oscillator is fed to an inductive slide wire, where 
it is monitored by an EAs5o0 diode. The slide wire feeds a 75-ohm 5-step 
decade attenuator of new design. The output voltage is taken from the 
end of a 75-ohm matched transmission line. 


Light Weight... eos ove oe OO 1B, PRICE £ 80 


Negligible pao Field. a 
Frequency Calibration ... ras oe £1% P 
Modulation 30% sine wave 1,000~ and Full details are 
pulsed 50/50 square wave at !,000~ given in Leaflet 
Max Attenuation error at 300 Mc/s. ... +2db No S6/L a copy 
Precision Slow-motion Dial. ‘ hicks on 
Wide Range ‘a “nn .-. 10-310 Mc/s. of whic wt 
Compact ... as ose 123" 133" x 72” gladly be sent on 
Dual-Power Supply He sgh OR 2 ela request. 


ADVANCE COMPONENTS LTO 


BACK RD, SHERNHALL ST, WALTHAMSTOW, LONDON. E.I7. Phone : LARkswood 4366/7/8 



























































ase address your 


BARE 


oe 
‘+e Wire Com 
Vactits imited. 


INSULATED ~~ = enpany 
e : 
The Lond smiths Limited. 


THE LONDON ELECTRIC WIRE COMPANY 
AND SMITHS, LIMITED VACTITE WIRE COMPANY LTD. 
LEYTON, LONDON, €E.10. 75 ST.SIMON STREET, 


gs Committee SALFORD 3,LANCS. 
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SPLENDID 
ISOLATION 


Because its superiority is unchallenged, Signal 
Generator type TF 867 stands alone, in splendid isolation. Beautifully 
designed and finished, its behaviour is impeccable over the range 
15 kc/s to 30 Mc/s. Especially noteworthy are an expanded wide-view 
scale and a concentric terminating unit which, while showing exact 
circuit conditions on an animated diagram, is also a dummy aerial 
and impedance source of 752 or 132. Other facilities of the Signal 
Generator include crystal standardisation, freedom from unwanted 
frequency modulation, deep amplitude or carrier shift modulation and 
stabilised output control. Output is variable from 4V to 0.4uV and 
calibration indicates true artificial signal e.m.f. irrespective of load. 


For further information please apply: SIGNAL GENERATOR TF867 
MARCONE INSTRUMENTS  LEMETED [ccc io iicer 


ST. ALBANS, HERTFORDSHIRE - Telephone: St. Albans 6161/5 «SUMMARY OF 


Northern Office: 30 Albion Street, Hull - Western Office: 76 Portview Road, A th . South COMMUNICATIONS TEST GEAR” 
Office & Showrooms: 109 Eaton Square, London, S.W.1 - Midland Office: 19 The Parade, Leamington Spa. 


The <Qjp> Electronic method of 
FREQUENCY 


An instrument suitable for frequency 
measurements up to 20,000 c/s or for high 


speed revolution counting up to 1,200,000 
r.p.m. No load need be imposed on the 
equipment being tested and one advantage 


is that the meter will work with a great 
variety of pick-ups. 























Accuracy is +1% of full scale deflection 
and provision is made for quickly checking 
the calibration. 


Pamphlet 20 gives further details. 
Ranges 0-200, 0-2000, 0-20,000 C.ps. OF up 
tO 1,200,000 V.p.m. 


Accuracy +1% of full scale deflection and 
unaffected by input wave form or 
supply within wide limits. 

Calibration A simple self checking, calibration —— ae Ty 6 

Check device if provided. : = ——~ ype 72 


Input Input signal voltage may be any 
Signal value fromo.1 volts to 20 volts peak. 





Supplies A.C. mains operated. 


AIRMEC LABORATORIES LTD 
HIGH WYCOMBE: BUCKINGHAMSHIRE - ENGLAND 
TEL: HIGH WYCOMBE 2060 CABLES. AIRMEC HIGH WYCOMBE 
DESIGNERS AND MANUFACTURERS OF SCIENTIFIC AND INDUSTRIAL ELECTRONIC EQUIPMENT 


A.L.(b) 2 
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THE FOX 
i Oe 4 


POTENTIOMETER 
type PXF 5/H 1... 

is now available for general release to the 
Electronic Industry. 





BRIEF SPECIFICATION 


Resistance range, 20 ohms to 50 K. ohms. 
Helical turns, 10. 

Rotation, 3,600 deg. 

Number of wire turns, 2,000 to 12,000. 
Wattage, 5. 





Also precision Toroidal-wound Potentio- 
meters, including 360° of winding with up 
to eight tapping points. All are available 
with sealed spindles and glass terminal seals. 





POTENTIOMETERS 


10-1000 WATTS 






Ceramic Insulation only— 
and approved for tropical 
conditions. 

Complete Ceramic Rings for 
strength. 

Approved by all Govern- 
ment Departments. 


Reasonable Delivery. 


Specialists in all types of 
Toroidal Windings. 





Write for full details to :— 


P. X. FOX wmiirep 


TOROIDAL POTENTIOMETER SPECIALISTS 
“  HORSFORTH, YORKSHIRE, ENGLAND. 
Telephone : Horsforth 2831/2. - Telegrams : “ Toroidal, Leeds.” 





PQINTON 





n.d.h, 


FTL ke with 


NORTHAMPTON 
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Electronic 







® Any combination of the ‘ Speedivac’ incorporates water connections, elec- 
Rotary and diffusion pumps can be tric switches, traps, gauges and vacuum 
mounted with accessories to suit gen- valves. 


eral or specific vacuum applications. 

Sizes are available for lecture, research @ A wide range of experimental and 

or production work. production vacuum units are available 
for specific vacuum techniques in the 

® Compact, self-contained vacuum unit electronic industries. 


- - « For Better Vacuum Service... 
& COMPANY (LONDON) LTD. 
Ww. EK DWA RD , LOWER SYDENHAM. LONDON, S.E.26 


Telephone : SYDenham 7026 (8 lines) Telegrams : EDCOHIVAC, Souphone, London 








— te 
Mounting BA | N MOVING - COIL 


interchangeable for d.c. 
with the 34-inch round 


flush pattern 


RECTIFIER 
FIRST - GRADE TO alta 
B.S. 89 
Dimensions to THERMAL 
K. 113 for h.f. 
May be illuminated. 
dial Leaflets 101 & IOIA. 





4-INCH FLUSH MOUNTING OF PARTICULAR APPLICATION TO ELECTRONIC TEST GEAR 


Also 24-inch and 34-inch round patterns and 6-inch portables 


BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT 


Northern“Agents ; F, C. ROBINSON & PARTNERS LTD., 308 Deansgate, MANCHESTER, 3. 
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Technical excellence supported by constant research and an 


Th e b a S 1 S unrivalled knowledge and experience of Radio Frequency 


Cable applications, ensures the continuance of the lead estab- 
lished by TELCON in the Radio Frequency Cable field. 


Even before the introduction of Telcothene* as a cable 

l d dielectric, an application pioneered by TELCON, a range 

of wor of Radio Frequency cables with unique capacity and 
attenuation characteristics was produced, using Telconax. 


Today, developments are still going on and the solution 
of any problems involving the application of Radio 


standards Frequency cables will be found in the wide range manu- 


factured by TELCON. 


* Telcothene ( Regd.) — Polythene processed by 
Telcon to provide specific characteristics. 


- | TELCON. CABLES 





the 
THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD TELCON oN 
lead Office: 22, OLD BROAD STREET, LONDON, E.C.2. Telephone: LONdon Wall 7104 
Enquiries to TELCON WORKS, GREENWICH, S.E.10. Telephone : GREenwich 329) 
Founded 1864 





aie FROM BBC STUDIOS TO 
| Mo ne HOME REPRODUCERS 


The same skill and quality that is demanded for B.B.C. 
FADERS goes into the construction of all Painton 
products. 

Wherever trouble-free, noiseless variation of level is 
required, either by fading or attenuation to pre- 
determined settings, you can, with confidence, rely upon 


- OyPAINTON 


PAINTON ECO LTO «KINGSTHORPE NORTHAMPTON 
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The Name to remember for... 
BOBBINS, FORMERS, 
TUBES & SHROUDS 


Your enquiries will receive our immediate attention 


ARMAND TAYLOR & CO. LTD. 


TUSKITE WORKS, MARSH ROAD, PITSEA, ESSEX 
Telephone : VANGE 2167. 


og 
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Coils. Denco T.R.F. Matched Pair Medium and Long 
aves, 6/6 pair. Weymout . Matched Pair M. 
and L. Waves, 9/6 pair. Superhet Matched Pair S.M. and 
L. Waves, 8/9 or 11/6 pair. All types Wearite “* . 
Coils, a. each, in stock. Weymouth a 13 r 
x § in. dia., Iron Core, Aerial H.F. or Osc., 3/6 each 
Osmor Mi et Coil Pack. Size 34 in. Phi in. x 1} in., 
covering S.M. and L. Waves. Coils wound on Polystyrene 
Formers with adjustable iron cores ensures efficient per- 
formance. Factory wired and aligned. Price, including 
full circuits, for Superhet vt c/s. Unit 33/-. na 
F. circuit covering M. and L.Waves, 30/-. 
Battery Portable Superhet Pack, hae ready tes 
rame Aerial, covering S. M. and L. waves, 
Aluminium Chassis. Substantially made of ume 16 S.W.G. a four sides : 
7in, X 4in. X 2in., 3/3 ; Yin, x Sin. x 2b in., 4/- ; 10in. x 6 in, x 24 in., 
4 li; 10 in. x Bin. x i in., 5/6 : 12 in. * 9in. > x 2h in., 6/8; 14in. x 9 in. 
x 2h in., 6/11; 16in. x Bin. x 2} in., 7/3; 16in. x Yin. » 3hi in., 8/6. 
house, 2504A, 11/6. | mA, 10/6. 5 mA, 4/9 
Selenium Rectifiers. ere Wave, 250 V 50 mA, 5/6; 200 V 100 mA, 5/9 
250 aT 100 mA, 7/6. Bridge Rectifier, 6 V 14 amp., 7/6; 12 V 14 amp., 11/6 : 
12 V3 amp., 19/6; 12 V tng 25/- ; 24 V 3 amp., 23/6. 
Charger Transformers. ach has an input of 230 volts. Outputs : (a) 24 volt 
tapped 15 V, 9 V and 4 V, at 3 amps., 21/6 ; (b) 30 volts tapped 15 V and 9 V at 
3 amps., 22/- ; (c) 15 volts rs 9 V, at 3 amps., 14/3 ; (d) 12 volts at 14 amps., 
11/3; (e) 15 volts tapped 9 V at 6 amps., 19/9. 
Filament Transformer. Inputs 230 volts, outputs 6. 3V lh amp., 7/6 ; 4V 14 amp., 
7/6 ; Input 200/250 V, output 4 V(C.T.) 14 amp., 4V 2amp., 6.3 V 2amp., 19/6. 
A Midget T.R.F. Battery Portable “ Personal” Kit. A complete Kit of Parts 
to build a Midget 4-valve All-dry Battery Personal Set. Consists of Regenerative 
.F. Circuit employing Flat Tuned Frame Aerial, with Denco Iron Dust Cored 
Coil, thereby ensuring maximum gain for Single Tuned Stage covering Medium 
/aveban 
Valve Line-up : IT4 (R.F. Ampl.), [T4 (Detector), 1S5 (Ist A.F.) and 3S4 (output). 
Includes ‘atest Rola 3-in. Moving 1 Speaker, and a Chassis already drilled and 
shaped. A consumption of only 7 mA ensures long battery life. The Kit is 
designed for a cabinet, minimum size 64 in. X 44 in. X 3 in. Detailed Building 
a with Practical Layout and Circuit included with Kit make assembly 


Price for Copetete Kit, eaiael 9 (plus 16/7 P.T.). Suitable unpolished Cabinet, 
6b i in. X 4} in. X 3 in., Ever Ready B114 Battery, 9/7. Building Instruc- 
tions, Circuit, etc., sul separately, 

= Wireless World” ax. Mains ‘ZValve Receiver. We can supply all 
the components, Mw no nt and M/Coil Speaker to build this set as specified 
in the March issue, at a total cost of £3. Reprint of detailed assembly instructions 
and circuit supplied separately for 9d. 


STERN RADIO LTD., 109 and 115 FLEET STREET, E.C.4. 


STABLISHED 25 YEAR 





The circuit incorporates delayed A.V.C. and pre-selective audio feedback. A Rola 


quality reproduction. Two ready wound frame areials and a drilled midget 
chassis are included. The overall size of chassis when completely wired is 84 in. 


and audio amp.), and 354 (output tet.). The set is easily built from the very 
detailed building instructions supplied, which includes a practical Component 
Layout, with rile -to-point wiring diagram, and a circuit diagram. 

Price of Complete Kit 

Mains Unit Kit, £1/17/6. Price of Ever Ready B114 Battery. 9/7. 

An attractive Walnut-finished Portable Cabinet to house the combined receiver is 
also available. This cabinet is also quite suitable for the “ All-Dry " battery 
version. Price 1 


py for 1/9. 


ator, giving 69 volts H.T. (approx.) aad 1.4 volts L.T. This Eliminator is suitable 
for use with any Personal battery set requiring H.T. and L.T. as above (or 
even for sets requiring approx. 90 volts). 
It is housed in a light aluminium case, size 44 in. < 3% in. 
therefore be accommodated in most makes of Faciceal receivers. 
Price of Complete Kit including detailed assembly i instructions and layout £1/17/6 
The Midget A.C. Mains 3-Valve R circuit, as published in the “ Wireless 
World.” We can supply all the components to build this set, which covers Medium 
and Long Waves, for lm (i 
reprint of complete assembly instructions can be supplied separately for 9d. 
(including postage). 


3-Valve Set, with a complete Slow-Motion Dial and Drive Assembly (Station- 
named Dial to latest wavelengths). Inclusive price £1/14/6, Cabinet available 
separately for 


ordering, please cover packing and postage. 
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An announcement 





CONCERNING 


R.F. E.H.T. 


Due to a recent change in sales 

policy our E.H.T. equipment is 

now directly available to all 
interested in high voltage. 


Full range obtainable 


2°55 — 100 KV. 


Breakdown Testers 
Stabilised Supplies 
Television E.H.T. Packs 
Nucleonic Equipment 


BRANDENBERG DESIGNS 
LIMITED 

1% DAWES ROAD, LONDON, S.W.6 
FULham 1534 
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Mains or Battery Personal Kit. A Kit of Parts to build 
our new Midget 4-Valve Superhet “ Personal” Set, 
covering Medium and Long Wavebands and designed 
for Mains or Battery operation, is now available. This 
2-waveband superhet receiver is designed to operate on 
A.C. mains 200-240 volts, or by an * All-Dry "’ battery, 
either means being selected by the turn of a rotary 
switch. It i Is SO designed that the mains section, size 

in. X 3} in. X I in, is moeted os a a ceperste Kit 
(which may ; be added at any time). Kit can there- 
fore be supplied either as an “ Ata ® Battery 
Personal Set, or by incorporating the mains section asa 
Midget receiver for combined Battery/Mains operation). 


-in. P.M. speaker with a generous sized output transformer ensures excellent 


x 4in. x 2h in. Valve line-up 1R5 (freq. ch.), IT4 (LF. amp.), 1S5 (diode det. 


(less Mains Unit), including P.T., £6/13/9. Price of 


e complete mecnbly instructions mentioned above can also be supplied 


A complete Kit of Parts to build a miniature “All-Dry” Battery Elimin- 


x 1d in., and can 





/5/~ (including complete assembly instructions). A 


/e can now supply an attactive walnut-finished Cabinet for the “Wireless World” 


nd 3d. Stamp for our Comprehensive Kit and Component Stock List. When 


Telephone : CENtral 5814 and 2280 











Jt 
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A NEW SULLIVAN SUSPENDED COIL 
PORTABLE GALVANOMETER UNIT 


- « » Which may be supplied alone or boxed complete 
with scale, illumination (with mains transformer) and 
novel scale magnification. 


The unit is exceptionally well constructed and reliable in 
performance and is completely enclosed within fa 


TYPE bY draught and dust-tight bakelite case measuring only 
T2001 i 8 cm. by 4.cm. by 12 cm. high. When boxed as a complete 
measuring system it measures only 26 cm. by I7 cm. by 
H.W. SULLIVAN 
LONDON. 15 cm. 


A complete series of these portable galvanometer units is 


SERIAL ne 





1480/1950 j available, mounted or unmounted, with many scale arrange- 
ments and for any Sensitivity, Time period or 
Resistance. 
H. W. SULLIVAN 
We shall be pleased to select for any LIMITED 
prospective purchaser a_ galvanometer LONDON S.E.15 
suited to any particular industrial : huang ciate 
application or measurement problem. Telephone NEW CROSS 3225 (P.B.X.) 




















NOT JUST A FEW BARS BUT A 
COMPLETE INTERLACED PATTERN! 


HERE are cheaper Pattern Generators than the Murphy T.P.G. 11 but their per- 
formance is limited. You pay more for the Murphy because it gives you the first 
essentiak—_THE COMPLETE SYNCHRONISING WAVEFORM AS USED IN THE 
B.B.C. TRANSMISSION — necessary for the correct alignment of Television receivers. 
Far better to pay the extra cost and have In one large firm of Television Service 
Engineers, the introduction of the Murphy 


a Murphy T.P.G. 11 with a pattern which 7p, 77 enabled the time taken on diagnosis 
checks EVERYTHING rather than a_ repair and re-alignment to be cut by half ! 


cheaper unit which gives an over-simplified THERE 1S NO SUBSTITUTE FOR THE 
pattern with many deficiencies. The MURPHY TV 


Murphy is cheaper in the end—and a lot 
more satisfactory PATTERN GENERATOR 
(TPG II) 


F. LIVINGSTON HOGG 


SPECIALIST IN HIGH-GRADE INSTRUMENTS FOR THE COMMUNICATIONS INDUSTRY 
65 BARNSBURY STREET, LONDON, N.I. 


For further details and appointments for demonstrations Telephone TUDor 5277 




















PRODUCED IN 
\ 3 SIZES 


Telescopic Mountings offer the most 
convenient means of obtaining complete 
accessibility of rack mounted equipment, 
as each chassis can be withdrawn com- 
pletely clear of its framework for easy 
examination. 







Technical & Sales Agent 
WRITE FOR 





uustrateo C, H. DAVIS 
CATALOGUE 59, Brompton Road, 
DEPT. A. LONDON, S.W.3 


Phone: KENSINGTON 4201 





MANUFACTURERS 





cy 
Wide ; 
PRODUCT § / 
HALLAM SLEIGH & CHESTON LT? 
WIDNEY WORKS: BIRMINGHAM -4 






ESTABLISHED 1698 






Phone: Aston Cross 0914 1 unas) * Grams Superfine, Birmingham 4 














LUMINESCENT MATERIALS 


FLUORESCENT POWDERS for ELECTRIC 
DISCHARGE LAMPS 


ZINC and CADMIUM SULPHIDE TYPE 
MATERIALS 


RADIOACTIVE LUMINOUS COMPOUND 
xkk* 
CATHODE RAY TUBE PHOSPHORS | 


X-RAY POWDERS and SCREENS 
LONG AFTERGLOW PHOSPHORS 


We also invite enquiries for any other 
luminescent materials to meet special 
requirements. 
kkk 
DERBY & COMPANY LTD. 
Offtces : 


62-3 Cheapside, London, E.C.2. 

Telephone : CITY 2633 

Telegrams : PLATIVET, London 
Works : 


Millmarsh Lane, Brimsdown, Middx. HOWard 2208 
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Antenna Theory 


and Design 


By H. Paul Williams, Ph.D., A.M.I.E.E., Sen. 
M.LR.E. This important two-volume work gives 
a complete account of the theoretical basis of 
antenna design followed by comprehensive guidance 
on the practical aspects of this work. Both volumes 
are profusely illustrated. 
Vol. I 
FOUNDATIONS OF ANTENNA THEORY 
142 pages. 21/- net. 
Vol. II 
THE ELECTRICAL DESIGN OF ANTENNE 
§22 pages. 63/- net. 


Pitman 


Parker Street, Kingsway, London, W.C.2 

















PLAN YOUR 
CAREER 


RADIO - TELEVISION 
and other INDUSTRIAL 
ELECTRONIC subjects 





HOME STUDY COURSES 


e@ ADVANCED RADIO 

e@ INDUSTRIAL ELECTRONICS 
@ TELEVISION 

@ HIGHER MATHEMATICS 

e PHYSICS 


Obtain a copy of Free Booklet giving full details of 
these and Daytime Attendance Courses. 





Write to Dept: 11 
Associated with 


s ace MARCONIPHONE 


10 PEMBRIDGE SQUARE, NOTTING HILL GATE, LONDON, W.2 facoyael vi: 
Telephone: BAYswater 5131/2, ETC 
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SOLON electric soldering irons have proved their capa- 
city for continuous service under the most exacting 
conditions. 5 models; 240 watt oval tapered bit; 125 watt 
oval tapered and round pencil bits and 65 watt oval 
tapered and round pencil bits. Each model complete 
with 6 feet of Henley 3-core flexible. Now available 
from stock. Write for folder Y.10. 


W. T. HENLEY’S 
TELEGRAPH WORKS 
co. LTD. 
51-53 Hatton Garden, 


London, E.C.1 ELECTRIC 


SOLDERING IRONS 











THE 


BRITISH NATIONAL 


RADIO SCHOOL 


EST D. 


1940 


| 
| 





{ Telephone: Idle 461 





Now in our eleventh year and still— 


NO B.N.R.S. STUDENT 
HAS EVER FAILED 


to pass his examination(s) after completing our 
appropriate study course. Nothing succeeds like 
SUCCESS and what we have done already for so many of 
your colleagues, we can do again for YOU. 

All our courses are conducted by correspondence, on 
INDIVIDUAL lines and our Syllabus includes: 

A.M.1.E.E. (in approved cases); M.Brit.I.R.E.; City and 
Guilds, Radio Telecommunications, Mathematics; P.M.G. 
(theory only) examination courses; also what we believe 
to be the finest RADAR course available anywhere. 

Free Booklet from 








STUDIES DIRECTOR 


BRITISH NATIONAL RADIO 


SCHOOL 


66 ADDISCOMBE CROYDON 


Add 


ROAD, 
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+SECOND EDITION NOW OUT! 248 aie 


SOUND REPRODUCTION 
by G. A. Briggs 


REVISED AND ENLARGED, WITH 
10 NEW CHAPTERS AND _ 193 
ILLUSTRATIONS, INCLUDING 75 
ENTIRELY NEW DIAGRAMS 









Greatly enlarged, this fascinating 
work contains all the principal 
features from the first edition, 
additional pages on Cabinet 
Design, Disc Recording, Needles 
and Grooves, Pick-ups and 
Microgrooves and new chapters 
on the following :— 


Pueas Fues 





EXPONENTIAL HORNS — AND LOUDSP AKERS 
MULTIPLE SPEAKERS - CABINET by G. A. Briggs 
LINING - UESTIONS AND 3rd Edtn. (4th impression) 


Q 
ANSWERS - AIR LOADING - CROSS- 
OVER NETWORKS - DIRECTIONAL 
EFFECTS - MAGNETIC RECORDING 
RIBBON SPEAKERS - NEEDLE 
INSPECTION - SAPPHIRE, 
TUNGSTEN AND DIAMOND 


NOW READY! 


The Why and How 
of Good Reproduction 


88 PAGES 
36 aa 
5/= ( re. a 


Enjoyment of these books is 
enhanced by the occasional 


flashes Phe wn now expec- 
Wharted ale WIRELESS WORKS, 


BRADFORD ROAD, IDLE, BRADFORD, YORKS. 
Telegrams : ‘‘Wharfdel, Idle, Bradford. 


OBTAINABLE FROM RADIO 
DEALERS, BOOKSELLERS OR 
DIRECT FROM THE PUBLISHERS 

















A NEW B.P.L. INSTRUMENT 





THE VOLTASCOPE—A combined valve-voltmeter and 
oscilloscope. VALVE-VOLTMETER — Infinite Input 
Resistance for D.C. ranges 0 to 300 volts. A.C. ranges 
0 to 180 volts in 5 ranges. 34-inch scale meter. 
OSCILLOSCOPE—3-inch screen tube provided with 
balanced amplifiers for Y and X plates giving a 5 times 
trace expansion. Maximum sensitivity 150mV/cm. 
Response from D.C. to 100 Ke/s. 


Limited quantity available for early delivery. 
BRITISH PHYSICAL LABORATORIES 


HOUSEBOAT WORKS, RADLETT, HERTS. 
Tel: Radlett 5674-5-6 
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RACK 
MOUNTING 
CABINET 


FOR 19in. PANEL 





” 


CABINET to accommodate one 19” X I0$ 
x 14G. Steel Rack Panel with 17” x 12” x 23 
Chassis and Angle Brackets in 18G. Steel ; 
Panel secured by four Chromium Plated Screws 
Approximate overall dimensions 21” x 12}” x 
11}” high, Louvred on Back, having radiused 
front corners and Rubber Feet. £3.15. 

Two Carrying Handles Extra 6s. 

Recessed Lid 14” x 8” intop Extra 10s. 

Finishes: Black, Grey or Brown Wrinkle Enamel. 

Carriage: Paid to towns in the United Kingdom. 

Iliustrated Lists and Trade Terms on Application. 


REOSOUND ENGINEERING & ELECTRICAL COMPANY, 
“REOSOUND WORKS”, COLESHILL RD., SUTTON COLDFIELD 


Tel. : SUT. 4685. REOSOUND, SUTTON COLDFIELD 


” 


Grams. : 





Hermetically sealed 
oil-filled E.H.T. type with 
expansion-bellows 





Send your next enquiry 


_ oyna 
TRANSFORMERS & CHOKES 


designed and 
manufactured 
to suit your 


specific needs 


HERMETICALLY 
SEALED TYPES 
—up to IKVA. 


DOUBLE- and 
AUTO - WOUND 
OIL/AIR 

COOLED TYPES 
—up to 50KVA. 
(Single or 3-phase) 


to:— 


SCOPHONY-BAIRD LTD., (Division 6), WELLS SOMERSET 
Telephone : WELLS 2081-5 











TIOUS ENGINEERS 


SURSANS GUIDE TO SUCCESSFUL 
ENGINEERING CAREERS 


After months of intensive effort, we are pleased to 
announce a the new edition of our 176- 1 
book, “EN RING OPORT s,” 
Te os free distribution. 
book is, beyond argument, the finest and most 
Handbook on Successful Electrical 
Careers ever compiled. It should be on the 
of every person interested in any phase of 
Engineering, whatever his age, position or 


**FThis book shows, among other dy interes- 
ting matter, the easiest se of Ey B.S.c., A.M. 
t. LRE, CITY AN DS, G.P.O., and 
every other important aoked examination, whilst 
—_ are given of over 200 Courses in all branches 
; . ‘The Electrical Group of Courses 
x fodiolie > : Neon Lighting, Power House Des: 
Radio, Television, Alternating Current, Soun: 
Film Projection, Mains yo Measur- 
ing Instruments, Electrical Electrici city 
Rime A Electronic Engineering, General Elec- 
rical Engineering, Electrical. Installations. 
The Handbook also explains the unique advantages of 
our Employment Dept. 
We Guarantee ‘“‘NO PASS—NO FEE”’ 
If you wish to become Technically Qualified you cannot afford to miss 
reading “‘ ENGINEERING OPPORT S.” In your own 
interests send for al copy of this eetigheoning guide to well-paid 
neg 


posts NOW— t-free. Do not ect this opportunity 
of investigating the possibilities within your reach. 


BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 


337B, Shakespeare House, 
17-19 Stratford es Oxford St., B I E T 


London, 













tz 





COBB OREUNITIES 


MEERING 


ERG 











“mite? 


SAVAGE TRANSFORMERS LTD. NURSTEED ROAD, DEVIZES, WILTS. 











Telephone : Devizes 536 


SAVAGE ‘ejiggy DEVIZES 








1950 


id 
id 


is 





Ls 
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MICQVAC 


ELECTRONIC TESTMETER 





Aself-contained battery 
operated versatile valve 
voltmeter designed for 
laboratory and portable 
use. Accessories in- 
clude a V.H.F. probe, 
a 5,000 volt d.c. multi- 
plier and a handy carry- 
ing case. 


The 22 ranges cover— 


VOLTS I to 500 volts on 
d.c., a.c. and r.f. 


CURRENT 10 microamps 
to 1.5 Amps on d.c. 


RESISTANCE O- 10 and 
o - 100 Megohms. 


* The accuracy on all ranges is within -+- 3% 


ELECTRONIC INSTRUMENTS LTD 


17, PARADISE ROAD- RICHMOND: SURREY - ENGLAND 





for 
PERMANENT 


MAGNETS 
of 


EVERY DESCRIPTION 


For [Loud Speakers, 
Clocks, Relays, Meters, 
Magnetrons, Separators, 
etc. 


Specialist manufactured for specialised industries. Cast 
or forged. Produced in all the latest types of Magnetic 
Materials. Complete with pole pieces if desired. 


DARWINS LTD + TINSLEY + SHEFFIELD 
LA AS LEELA 
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HIGH VOLTAGE SUPPLIES 





Model $4/50 Breakdown Tester 


@ Continuously variable 2-30 KV 
@ Positive or Negative output 


@ Available stabilised or unstabilised for 
breakdown testing 


@ Input A.C. 115-250 volts, 40-100 cycles 


A complete range of Radio Frequency high voltage equipment is 
available from 2 to 50 KV at | mA 


HAZLEHURST DESIGNS LTD., 
34a, Pottery Lane, London, W.II. 


PARk 6955 

















ly. ROAX 
On 7 T CABLES 











LOW ATTEN) IMpED | ATTEN |Loac 
TyPes. | omnes |OMOPH) 4, | OD: 


THE LOWEST EVER aUr ite 
CAPACITANCE OR [aztoatiotontoss 

















ATTENUATION [| A34/73 [06 /1.5 [O28 ; 
LOWCAPAC] CAPAC)IMPED]ATTENT 
IMMEDIATE \ Ow edhe] OP 








DELIVERIES C4 | 7.3 | 150] 25 [0.36] cep 
PCA | 40.2| 132| 3.4 10.36 AB 
SPECIALISTS IN AleSpACED = }-EM | 6.3 | 173] 3.2 
ARTICULATED CABLES Sincé i929 =| _©2 | 6.3 | 171 | 2150.44 
0.44 

0.64 
0.64 Q O 
1.03 I eee 























oF, RADIO ) C3 | 5.4|197/1.9 
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“S 
pearls € <(JODEN> COMPOUND FILLED 


BRAND ts TRANSFORMERS X CHOKES 





Its exceptional purity for 


makes it especially suit- UTM OST 


able for electrical and 
magnetic applications. 
Supplied in a wide selec- RELIABI LITY 


tion. of; mesh adings. . 
- COREE Woden Compound Filled transform- 


ers have been developed for use 
in exacting industrial and climatic 
conditions and have the following 





features :— 
@ Complete mo'sture-proof filling compound 
@ Universal fixing for above or below chassis wiring 
@ Constant fixing centres and overall size 
: ZS & @ Occupy minimum space and ensure clean 


and compact layout 











E O R G E C O H E N Send for latest catalogue 
SONS & CO. TTP, WODEN TRANSFORMER 60, LTD., 


Te 
BROADWAY CHAMBERS 00 LONDON 


TELEPHONE: fgayp RIVERSIDE 4141 MOXLEY ROAD, BILSTON, STAFFS. 


J.T.L. 








EE/501/IP20 











To be published shortly :— 


The first two books of the new “ Electronic Engineering’ monographs 


1 VOLTAGE STABILIZERS 


By F. A. Benson, M.Eng., A.M.I.E.E., M.I.R.E. 
(University of Sheffield) Price 12/6 


2 ELECTROPHYSIOLOGICAL TECHNIQUE 


By C. J. Dickinson, B.A., B.Sc. 
(Magdalen College, Oxford) Price 12/6 


To be followed at intervals by other monographs on the latest 
techniques and applications in the ever-widening field of electronics 


Obtainable from all Booksellers or from :— 


Electronic Engineering 


28 ESSEX STREET, STRAND, LONDON, W.C.2. 
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ALNICO ALCOMAX HYCOMAX 
This Photo Electric Exposure Meter 
made by The Pullin Optical Co. Ltd. 
incorporates an Alcomax II Sintered 
Magnet. Where small complex 
shapes with high magnetic efficiency 
and stability are required sintered 
permanent magnets are essential. 


MUREX LTD. RAINHAM . ESSEX - ENGLAND 


LONDON SALES OFFICE 


CENTRAL HOUSE - UPPER WOBURN PLACE : W.C.! - 





LM. 
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We also supply 


TUNGSTEN 
MOLYBDENUM 
TANTALUM 

ROD - WIRE - SHEET - STRIP 








MAGNETIC 
RELAYS 


> LARGEST STOCK IN 
=~. GREAT BRITAIN OF RELAYS, 
KEY SWITCHES AND 
UNISELECTORS 









sg Government Contractors 


RELAYS P.O. 3000 - 600 - HIGH SPEED 
ALL NEW EX-MINISTRY GOODS 


JACK DAVIS pert. £. 
30 PERCY STREET, LONDON, W.1. 








Phones : MUSeum 7960 LANgham 4821 











SYNTHETIC RESIN LAMINATED MATERIALS 


SHEET, ROD AND TUBE IN ALL DIMENSIONS 
BOBBINS & COIL FORMERS TO ANY SPECIFICATION 


MICA AND MICANITE SHEET AND MANUFACTURED PARTS 


MICA & MICANITE SUPPLIES LTD., 
BARNSBURY SQUARE, LONDON, N.I. 
Telephone : NORth 3032/5 Telegrams : MICASULIM - LONDON 

















MICA 


DISCS 
DIAPHRAGMS 
ELEMENT STRIPS 
CONDENSER PLATES 
SPECIAL SHAPES 
RAW MICA 
WASHERS 

c 





RITISH MICA C°L™?-BEDFORD. 














ELECTRO-CERAMIC INSULATORS & REFRACTORIES 
GEO. BRAY & he) LTD 


TELECOMMUNICATION 
RADIO 6 
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COMPONENTS 


FOR 


ELECTRONIC ENGINEERING 
HOME BUILT TELEVISOR 


List No. 
WS 903/4 4KV -2V (2A) 4V (1A) 67/6 
or 
WS 903/5 5KV-2V — 
4V(IA) ... 72/6 
EP 63 Mains Transformer ...  90/ 


Hlectronic Engineering 








Gs )=EXCELLENT VALUE! 


OHMMETERS. Bench type for high-speed 
production, six ranges 0-100 to 0-10 megs. 
fitted 8-in. meter for quick and accurate reading. 


Range selected by push button. 200/250V 
40/100 cycles, £20. Write for descriptive 
leaflet. ) 


VARIACS. Consisting of two units in series, 
input 230V output 115/230V 1.5 kVA, £9. 
Other sizes in stock. 


GALVOS. Tinsley 500 ohm _ moving-coil 
mirror reflecting. 7 mm/microamps with lamp 
and scale fitted in polished wood box, for 
A.C. mains, £8 10s. 


SPEAKERS. Vitavox H.F. Speaker Units as 
new, 40/-. Horn for same, 3 ft. long with flare 
2 ft. 8 in. by | ft. 4in., 30/-., carr. extra. Square 
mouth speaker horns, 2! in., 21/-. Bell-mouth 
horns, 25/-. 


Resistances. Variable wire wound, by leading 
makers, 4.6 ohm 16 amp. twin slider with gear 
wheel, 35/-, 20 chms 2.5 amp. single, 15/-, 
5 ohms 10 amps. single, 21/-. 300 ohms $ amp., 
12/6, 1.2 ohm 15 amp., 10/-, 152 ohms 2 amp. 
double slider, 30/-. All in new condition. 
DIMMERS, enclosed slider type, SOOW, 
40/-, | ,000W, 70/-, 5kW, £7 10s. Special 5 kW on 
mobile stand £8 10s 

Signal Generators, , 
Meters, Transformers,] Rotaries, 


LESLIE DIXON & CO., 


214, Queenstown Road, Battersea, 


Frequency 
Magnets. 








DP52 Choke... ... ...  26/- eee 

DP 62 Choke... 17/- ——— "Phone: MACaula 2159——— 
RELAYS 

OLIVER PELL CONTROL LTD For A.C. and D.C. 


S.€.18 


CAMBRUS DCE ROW ae URSAS? SF JAD 
Te w wich 1422 








Laboratory Research 
Workers & Technicians 


A. F. JEFFREE, LTD., ARE NOW ABLE TO 
OFFER DIRECT COUPLED AMPLIFIERS, 
SUITABLE FOR USE IN ALL FIELDS OF 
SCIENTIFIC APPLICATIONS. CARDIO- 
GRAPHY, ENCEPHALOGRAPHS. WIRE 
STRAIN GAUGES, WIDE BAND AMPLI- 
FIERS, BBOLOGICALUSE, PHOTOMETRY, 
SPECTRO PHOTOMETRY, NUCLEAR 
PHYSICS, PULSE CIRCUIT, AND NUL 
INDICATORS, ETC. 


FEATURES 


Input circuit noise not measurable. Zero 
Frequency to Megacycles. Inputs : |, 2, 4, 
6, or 8. All electronically mixed to suit 
any impedance required. True balanced 
phase splitters. Normal unstabilised power 
pack. Zero drift over whole amplifier. 
Not affected by extremes of temperature 
Gains from 50 to 100,000 


Enquiries are invited, write to: 


A. F. JEFFREE, LT. 


8, DOVERS GREEN RD., REIGATE, 
SURREY, ENGLAND 


(— a 








“ 





Multiple-contact heavy 
duty Relays. Sensitive 
Relays, measuring and 
impulse Relays, mer- 
cury,switch Relays, time 
delay Relays, photo- 
electric Relays. 


Ask for Leaflets RE/EO 


Midget Relay ML/C 








——— LONDEX LTD. = 


Manufacturers of Relays 


207, ANERLEY ROAD, LONDON, S.E.20 
SYDenham 6258 








SERVO CONTROL EQUIPMENT 





MAGSLIPS 
Resolvers, Transmitters, Hunters, 
Receivers, etc., 2” and 3” types. 


SELSYNS 
Power and Phase-Shifting types. 
INDUCTION MOTORS AND 
VELODYNES 


Send for list and technical details. 


Vacuum relays 6 volt 35mA. (approx.) 
fitted 4-pin valve socket (Brit.) 6/6 


HOPTON RADIO, 
1, Hopton Parade, Streatham High Road, 


LONDON, S.W.16. 
"phone: STReatham 6165 
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5 VAto 50 KVA 


Partridge Hews 


TRANSFORMERS— 


{POWER or AUDIO FREGUENCY 


4 WEEKS DELIVERY 


The acknowledged precision of 
Partridge transformers is available 
to you in transformers and chokes 
to your own specification . . and 
in double quick time. Whatever 
your transformer need, first consult 
Partridge— the specialists. 
* Note: All Partridge components 
are now available 

HERMETICALLY SEALED IN OIL 


PARTRIDGE 
TRANSFORMERS LTD 


ROEBUCK ROAD- KINGSTON - BY . pass 
TOLWORTH SURREY 





SERVICE ENGINEER’S 
FIRST CHOICE 








Telephone ELMbridge 6737-8 








ata eae ee 
> aan “Ss ARE 
Q@.MAX ” CHASSIS PUNCH 
PRICE 19/6 (KEY I/-) 


BERRYS 


5, HIGH HOLBORN, W.C. 

















Electronic 


ACCESSORIES & COMPONENTS 


For Research 


Depts., Labora- MOLIDAY 4 
tories, Colleges, 
etc. 


Send for List. 
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FOR: Automatic coolant regulation. Movement for pressure 
change. Packless gland to seal spindle in high vacua. 
Reservoir to accept liquid expansion. Dashpot or delay 
device. Barometric measurement or control. Pressurised 
couplings where vibration or movement is present. Dust seal 
to prevent ingress of dirt. Pressure reducing valves. 
Hydraulic transmission. Distance thermostatic control. 
Low torque flexible coupling. Pressure sealed rocking move- 
ment. Pressurised rotating shaft seals. Aircraft pressurised 
cabin control. Refrigeration expansion valves. Thermo- 
static Steam Traps. Pressure amplifiers. Differential pressure 
measurements. Thermostatic operation of louvre or damper. 


Write for List No. V 800-%. 


Drayton ‘Hydroflex’ METAL BELLOWS 


Drayton Regulator & Instrument Co. Ltd., West Drayton, Mdx. + W. Drayton 26ll 


Al at r ” per copy 
METAL WAY #2” 
Jor 


details of ‘WEST- 
INGHOUSE’ metal 
rectifiers for H.T. 
supply to radio receiv- 
ers, L.T. units for small 
battery chargers, ‘ West- 
ectors’ for sound and vision 
interference suppression, and 
how to build your own 
E.H.T. supply units. 















— 





Write for a copy to Dept. Elec. E.7 


WESTINGHOUSE BRAKE & SIGNAL 


°9 ° 


82, Work Way, King’s Cross, London, N.1. 
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POTENTIOMETERS 


lM 


Wire-wound and Composition types. 
Single, Ganged, Tandem Units. 


Characteristics : linear, log., semi-log., non- 
inductive, etc. Full details on request. 
RELIANCE MNFG., CO. (SOUTHWARK), LTD., 
Sutherland Road, Higham Hill, Walthamstow, E.17, 
Telephone: Larkswood 3245 


SURPLUS VALVES GUARANTEED 



























6L6. 8/6. | HP4106. 6/3. | 6K8. 5/6. | 807. 5/6, 
EL33, 8/6. | 38. 6/3. | EF39 5/6. | 1S4. 5/6, 
6C6, 6/3. | 6D6. 6/3. | 1T4. 5/6. | HP4I01. 5/6. 
12A6. 6/3. | EF50. 6/6. | 5Z4, 4/9. | 6SK7. 5/-. 
12C8. 6/3. | KT44, 5/6. | 6K7. 4/9. | 5UG4, 5/-. 
41 6/3. | 6N7. 5/9. | 6J7. 4/9. F6G. “. 
OZ4, 6,3. 7. 5/6. | 6X5. 4/9. | AC6/PEN. 4/6, 
6V6. 4/9. | KTW6l 4/9. | EBC33 4/9. ‘6l 4/9. 
GZY5, 4/-. | VRI36, 4/-. | VRI37 4/-. | EK32. 4) =. 
VUIII 4/6. | 6)5. 4/6. | SPI3. 8/6. | KT30. 6/6. 
SP13A, 4/6. | EA5O. 3/-. | Y63, 6/3. 8. 3, 
VU39. 6/3. | Ul8, 6/3. | H63. 6/3. | FW4,500 6/3. 
43, 6/3. | 5Y3G. 6/3, | 6F7. 6/3. 61. 3/6. 
SP41. 3/6. | 14F6G, 4/9. | 6SG7. 4/6. ' HP210. 4/6. 


WRITE FOR LISTS OF OVER 500 RADIO LINES 


WILLIAM CARVIS, 
103, NORTH STREET, LEEDS, 7 


RATCHET AND REVOLUTION 
COUNTERS 


PLEASE SEND FOR 
LEAFLET NO. 18/6 
SHOWING FULL 


RANGE OF 
‘ALBION * PREC!SION 
COUNTERS 





MEMBERS OF THE 
BESTEC ORGANISATION 





SOLE MAKERS AND PATENTEES : 
B. & F. CARTER & CO. LTD., BOLTON, N.3. 



















FOR MOULDED RUBBER PARTS 


Enquiries are invited from the Engineering, 

Electrical and Motor Industries for special 

Moulded Parts in Synthetic and Natural 
Compounds. 


Bp2uiniteg 


THE HARBORO’ RUBBER CO., LTD., Market Harborough 





INDEX TO ADVERTISERS 


Acheson Colloids Ltd. : 

Advance Components Ltd. 

Airmec Laboratories Ltd. 

Automatic Coil Winder & k Equipment 
Co., Ltd., The .. Cove 


Baldwin Instrument Co., Ltd. .. 
Belling & Lee Ltd. > 
Berry’s (Short Wave) Ltd. 
Brandenberg Designs Ltd. ; 
Institute of Engineering 
Technology oe “a 
British I lated Callend 
Ltd. x 
British Mica Co., Ltd. ne 
British National Radio School, ‘The .. 


British Physical Laboratories 
British Thomson-Houston Co., Ltd. 





’s Cables 


Carter & Co., Ltd., B. & F. 
Carvis, William he 

Chance Bros. Ltd. 

Chapman & Hall Ltd. 

Cinema- Television Ltd. 

Cohen, Sons & Co., Ltd., , George 


Darwins Ltd. 

Davis, Jack 

De La Rue & Co., Ltd., Thomas 

Derby & Co., Ltd. 

Dixon & Co., Leslie 

—" Regulator & Instrument Co., 9 
td 


Edison Swan Electric Co. Ltd., The 
Edwards & Co. (London) Ltd., W. 
Electro Dynamic Construciion Co., Ltd. 
Electronic Instruments .. 5 
£.M.I. Institutes Ltd. 
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Evershed & Vignoles Ltd. ae x. Je 


Fielden x ed Ltd. ce .. 296 
Fox Ltd., P.X e. ‘~ 


General Electric Co., Ltd., The 
—" Engineering Co. ? (Radcifte), 
td. 


Hallam, Sleigh & Cheston Ltd. 

Harboro’ Rubber Co., Ltd., The 

Hazlehurst Designs Ltd. 

a 9 s Telegraph Works Co., Ltd., 
.T. 


Hoga, F. Livingston 

Holiday & Hemmerdinger Ltd. 
Hopton Radio : 

Hunt Ltd., A. H. 


Inter Electron Industries 


Jeffree Ltd., A. ‘ P 
Johnson, Matthey & Co., Ltd. o «6 


Leland Instruments Ltd. 

Lewis & Co., Ltd., H. K. 

Londex Ltd. 

= Electric Wire Co. & Smiths 
Lt 


Cover iii 
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Marconi Instruments Ltd. 
McGraw-Hill Publishing Co., Ltd. 
Metropolitan-Vickers Electrical Co., 


td. 
Mica & Micanite Supplies Ltd. 
Modern Book Co., The 
M.S.S. Recording Co., Ltd. 
Muirhead & Co., a. . 
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Mullard Electronic Products Ltd. 
Murex Ltd. 


Nagard Ltd. = 
National Savings .. 
Nife Batteries 


Painton & Co., Ltd. 

Partridge Transformers, Ltd. 
Pell Control Ltd., Oliver : 
Pitman & Sons Ltd., Sir Isaac 


Radiospares Ltd. .. 
Reliance Mnfg. Co. (Southwark), Ltd. 
Reosound Engineering & Electrical Co. 


Salford Electrical Instruments Ltd. 
Savage Transformers Ltd. ; 
Scophony-Baird Ltd. ; ; 
Southern Instruments Ltd. ; 
Steatite & Porcelain Products Ltd. 
Stern Radio Ltd. 

Sullivan Ltd., H. W. 

Sunvic Controls Ltd. 


Taylor & Co., Ltd., Armand .. 

Taylor Tunnicliff (Refractories) Ltd. 

Telegraph Construction & Mainten- 
ance Co., Ltd., The & 33 

Thomas (Richard) ¢ & Baldwins Ltd. 

Transradio Ltd. cs 

Tufnol Ltd. . Se sé a 3 


Vortexion Ltd. ve 7 Pe i. ae 


Walter Instruments Ltd. Cover ii 
Westinghouse Brake & Signal Co., Ltd. 43 

Wharfedale Wireless Works Ltd. ee 
Woden Transformer Co., Ltd. .. .. 40 
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live wire 


lan How t 


Every circuit has its own problems. Sometimes bare wire and 
sleeving is the rig—at other times the completely insulated 
wire. DE LA RUE cater for both. Tell us the job and we’ll 
sell you the garb. Right kind, right colours, right price! 


DIEIRAN RIED 


INSULATING SLEEVINGS 


This range of sleevings has high insulation, great flexibility 
and a fine choice of single and multiple colours to suit the most 
complex codingsystem.Internal diameters from 0.5mm.upwards. 
Materials : Varnished Cotton, Varnished Art Silk (Rayon), 
Rolled Silk and P.V.C. with optional metal screening. The 
range is manufactured with the greatest regard to long service. 


nAMOLUL 


CONNECTING WIRES 


An exceptionally attractive series of ‘‘ hook-up’’ wires. The 
range includes both single and stranded conductors, and is 
available in single and multiple colours for coding. There is also 
available in this range a ** push-back’’ type to facilitate rapid 
soldering without the need for ‘‘ stripping’’. May we send you 
samples and price particulars of these wires and sleevings? 


DE LA RUE 


& CO. LTD. 


IMPERIAL HOUSE, 84/86 REGENT STREET, W.1 


‘ Delaflex' and ‘ Hamofil' are registered trade names of Thomas De La Rue & Co. Ltd: 


Plastics Division, 

















; Cd 
AITO THY, 
1 





sete 


Fa 


liege "te: 
etsy. 





FM SIGNAL GENERATOR 


TYPE 202-8 BERA ate 


BOONTON RADIO CORP. 
ecOwIDR Me 




















peer 





> es 


HR 


ke 








LONDON W.C.| 
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Accurate instruments for every 
laboratory and works 
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Hotwire Vacuum Relays ~- Glass-Sealed and Adjustable 
Thermostats - Accurate Thermostats -  ElectronicRelays - Resistance 
Thermometers and Controllers - Energy Regulators - Time-Delay Switches - D.C. Amplifiers, etc., etc. 


Automatic Cold Junction Thermostats . High Voltage Change-over Switches, 





Please write for appropriate Catalogue Sections. 
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